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PREFACE. 


7 E Ancients, whilſt they made a pretence of ſtu- 
-* dying Philoſophy, and ſearching out the cauſes of 
natural things, bad no other method to proceed by, 
than forming hypothetical conjettures out of their own 
heads according to their various fancies, without any 
foundation in the nature of things. And then they 
endeavoured to defend tbeir bypotheſes, by plauſible 

arguments of wit, and the figures of Logic; by 

which they flattered themſelves, they had fully eſta- 

bliſhed their hypotheſes, and given a true account of 

natural cauſes and effetts, and that beyond the poſſibi- 

lity of any oppoſition. And. all this while they bad 

not the leaſt thought of making ſo much as one expe- 

riment, to confirm the truth of their theories; which 

ig the only puſſible way, that any theory in nature 

can be eſtabliſhed. By this means it came to paſs, 

that their philoſophy was no more than à philoſophy 

of words and empty ſounds, conſiſting of endleſs terms 

of art, without any meaning or ideas annext 10 them. + 
And whilſt they proceeded. in this abſurd method, true L 
philoſophy was quite at a ſtand, and made no manner 

of progreſs; and the nature of things remained per- 

fettly unknown. Let any operation in nature be pro- 

poſed, and they preſently had a name for it; and a 

few terms of art were io explain its nature, though 

they could not give us the leaſt notion, how or by what 
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1 The PREFACE. 

| cauſes ſuch an operation or effett was brought about. 
| And thus they imagined they could ſolve every diffi- 
| culty in nature, by the mere magic of ſounds. Ex- 
amples of this way of proceeding are endleſs, but there 
is noihing in which they have blundered more egre- 
giouſly, than in explaining the nature of light, and the 
manner of viſion. 

Bert the moderns finding themſelves no wiſer by this 
philofophical gibberiſh, found it neceſſary to purſue ano- 
ther method. They ſaw plainly, that the nature of 
things could never be known without careful obſerva- 
tion ans experience; therefore they ſet about to make 
all the experiments upon any ſubject, that could poſſibly 
be made. By this means they could find out what cauſes 
could produce ſuch and ſuch effects, what cauſes and 
effedtss were linked together; and always accompanied 
one another; and what proportion they bore to one 
another ; and after they had. found theſe things in one 
[; ſubjef, by applying the ſame method to other ſubje#?s 
' f the fame kind; they could find hero far theſe laws 
0 ere general, and agreeable to all of that fort. In 
. proſecuting this method, - it is found, that there are 
ſome properties that belong but to a few kinds of bo- 
dies, and ſome that belong to à great many kinds; and 
ſome properties that belong umverſally to all Bodies. 
this teaches us ſomething ; and the nature and proper. 
ties of bodies, thus found out by experiments, is calles 
Experimental Philoſophy. By this method our great 
Newton, the Prince of Philoſophers, found out the 
nature of light, he analized it, and diſſolved it into 
its conſtituent pariicles, He has ſhewn us, tha! light 
- conſiſts of particles of different colours, and different 
degrees of refrangibility; and that the colour of each - 
ray of it is permanent and laſting, and its degree of 
refrangibility invariable : that the particular colour 
'of it can never be changed by any refra#1ion or rejlec- 
lion. But before that, Philoſophers were all of ofi- 
ion, that light had no difference or variety of its ee. 
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uniform; and that rolours were - nothing but certain 
modifications f the. light," or dilatations of the rays, 
cauſed by reflexions and refractions; whereas they de- 
pend upon a real ſeparation of the heterogeneous rays. 
And all optic writers were generally of opinion, that 
the reflexion of light was cauſed by the particles there- 
of ftriking againſt the ſolid parts of bodies, which 
they could not enter into, and thence repelled back again, 
like other reflefied bodies. But Sir J. Newton bas 


ſhewn, that they are driven back and refietied before 


they touch the body ; and that by ſome inherent power 
in the refletiing body, which ads at a ſmall diſtance 
from its ſurface, in lines perpendicular thereto. | 

M ho could ever bave thought, that the opacity of 
badies depended on their poroſity; and yet the ſame 
great Philoſopher bas ſhewn, that their opacity ariſes 


from the multiplicity of refletions within the pores of 


bodies, when the particles are of a determinate fize. 
And the ſame bodies become tranſparent, when their 
pores are filled with a medium of the. ſame denſity as 
the particles of the body. 

I is now put paſt diſpute, that viſion is cauſed by 
the rays of light entering the eye; and painting the 


image of the object, upon the retina at the bottom of 


the eye. If theſe rays paſs thre the ſame medium 
continued between the object and the eye, then they 
come from every part of the object to the eye in right 


The PREFACE i 
fituent parts, but was in its own nature, ſimple and 


lines; then this is called Direct Viſion. When the 
rays come not direfly to the eye from the object, but 


fall upon ſome poliſhed body, and are reflected from 


thence to the eye, in which they form the image of 
that objeft , then this ſort of viſion is called Reflex 
Viſion. Here the eye properly ſees the image cauſed 
by the reflexion, and not the object itſelf. A body 
muſt be truly poliſhed to give a perfect image by re- 


fledlion; for a rough uneven ſurface ſcatters the rays, 


that they make no image, or a very deformed one. If 
. 7 
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tbe rays paſſing from the object ta: the eye, go tbra dif- 
faren mediums, as air, water, glaſs, &c. then the 
rays will be reſratted at entering. a different medium, 
aud come ta. the eye in other right. lines, af different 
direction from the former; and this is called Refrac- 
ted Viſion. So that there are three different caſes of 
. viſion, whereby objetts may be feem;, and theſe make 
three diſtin parts of the ſciaute of Optics; of which 
the firſt is the moſt ſimpie, aud the: laft the moſt complex. 
Since we find the properties of light to agree with 
the knozon properties of body, we cannot ſuppoſe light 
to be any thing elſe but a bady, confifting of . exceeding 
ſinall particles; which are continually ſhaken off. by tbe 
vibratiag motion of the luminous bady, and expetled by 
the repellent power thereof, witheucreatble welacity from 
it in all direfJions... Some of which, by their exceeding 
ſmallneſs and tenuity, go thro every point of pace. Some 
of theſe enter our eyes, whoſe texture and conſtruction 
is properly adapted thereto, and do there by their mo- 
tion excite vibrations in the optic nerves, by which we - 
have the ſenſation. of ſeeing; and by. the wonderful 
ſtructure of our eyes, give us certain intelligence of o. 
jets exiſting without us, aud their affetitons, ſuch as 
their fize, form, colour, mation, and even their diſ- 
tance : ſo that viſion is not made at random, but is 
performed by certain uniform and fteady laws. 
It appears by experiment, that light conſiſts of parts 
toth ſucceſſive and contemporary. For one may ſtop 
that which comes one moment, and let that paſs which 
comes the next. One may alſo ſtop it in one place, and 
let it paſs in another. And the part that is ſtopt can- 
no be the ſame with the part that is gone paſt. 

As viſion is the moſt uſeful, as well as the moſt de- 
lightful ſenſe we have; ſo that ſcience which teaches 
the improvement and perfection of this ſenſe, muſt be 
the moſk valuable of any, and that is Optics, which 
net only explains the manner of viſion, but from the 

ſame 
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| inciples teaches bow to ſupply a proper Belp for 
22 54 to remedy the ſeveral defeds o tg 
of proper inſtruments contrived acturding 
to the rules of this art, ſuch as fpeftactes, reading 
glaſſes, teleſcopes, mitraſcopes, &c. and to this art is 
owing the invention of ſeveral inſtruments, which by 
curious and fitrprizing operations, give us the moſt ex- 
quifite delight; ſuch as the camera obſcura, the magie 
laut born, the- perſpetiive views of countries, Ge. ſo 
that it is à ſcience of infinite pleaſure as well as 
ot. e 1 en | | 
K Were there no other uſe of Optics, bat the contri- 


Vance of ſpeBacies, to Belp the ces of old men and 


purblind people ; yet that alone would be ſufficient to 
recommend the ſtudy of it. Of what infinite advan- 
tage are theſe to mankind, not one in a thouſand, but 
what has need of their help, at ſome time of life, ef- 
pecially in oid age. For as the fight is the moſt noble 
and moſt extenſive of all our ſenſes; and as we can go 
about no concerns in life without making uſe of our 
eyes; certainly the inſtrument muſt be the moſt valuable, 
which relieves the decayed eyes, and cures their defects, 
and makes them uſeful, and without which, they would 
be almoſt uſeleſs. They are certainly in à miſerable 
condition that have the two windows of the ſoul ſhut 
up, and are obliged to live in perpetual darkneſs. And 


ſuch as have them partly obſcured, partake of the ſame 


miſery in ſome degree. How miſerable would the latter 


part of men's lives be, if there were no ſuch thing as + 


ſpetiacles; and how tedious muſt the lives of old peo- 
ple have been before their invention. Without them 
a mechanic grown old could not follow his buſineſs, ſuch 
as walchmakers, engravers, &c. nor a ſcholar con- 
verſe with bis books, or with his friends by letter, 
So that this curious invention carnos be too high 
ralued. 

| Our 
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Our natural fight it confined to very narrow views, 
and tho it is very extenſive, yet ſome objetts at a dif 
tance are ſcarce perceptible, while others more remote, 
cannot be ſeen at all. Here then we have the advan- 
tage of - teleſcopes, by which we can behold very re- 
mote objects very clearly, thus we can. have a full. 
view of the heavenly Bodies, and by, that means un- 
derſtand the wonderful mechaniſm of the world; with- 
out this inſtrument, all theſe charming ſcenes of na- 
ture, fo far diſtant, would be hid from us. This no- 
ble inſtrument then can never be ſufficiently recom- 
mencaed, that bas opened a way for our diſcoveries in 
the heavens, which could never be known by any other 
means. By this, the whole ſyſtem of nature is laid 
open to our view. By this we find the ſun to be a 
great globe of fire; that the planets revolve about 
him; and that from their different phaſes, they have 
no light but what they receive from bim. By the 


p ſpots upon their ſurfaces, are found the e of . 


rotation round their axes. The ſame inſtrument has 
given us intelligence of the ſatellites of Jupiter and 
Saturn, which move round theſe planets, in their fixt 


periodic times; a. thing utterly unknown to the an- 


cients. And theſe are of great uſe for determining the 


longitude ;, and from thence the motion of light bas 


been proved. Saturn's ring is another diſcovery owing 
to the teleſcope. The motion of all the heavenly bo- 
dies, their diſtances and magnitudes have been bereby 
found out. The immenſe diſtance of the fixt ſtars is 
proved by the teleſcope; and by this we diſcover al- 
moſt an infinite number of ſtars more than can be ſeen 
with the naked eye. Likewiſe all that has been diſ- 
covered of the comets is owing to the uſe of the teleſ- 
cope. And by it ihe times of the beginning and ending 
of eclipſes are exattly determined, with many other 
things of like nature, equally aſtoniſhing and curious. 
The advancement of aſtronomy is wholly from the uſe 


of 
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e the teleſcope. Teleſcopes may be alſo uſefully em- 
* ployed upon the earth. The merchant may at a great 
Aiiſtance diſcern his ſhips upon the ſea. The ſeaman 
may ſee the enemies ſhips at a diſtance ;, or he may ſee 
land from the maſt head, long before he comes at it. 
Generals may ſurvey the army of his enemy, or his 
own. And any man may take a view of diſtant towns, 
cities, buildings, trees, and other objects in the coun- 
try, eſpecially when be is ſeated on a bigh place. 
Theſe are noble diſcoveries of the teleſcope ; which, 
if it had been known to the ancients, would have put 
an end to all their doubts and diſputes about the ſolar 


em. | | 
If a. teleſcope be fixed in a certain poſition, and 
thro" it we ſee the top of a tower, &c. at noon, we 
ſhall fee the lower part of it at night, or in the morn- 
ing, owing to a greater refrattion at morn and night. 
The microſcope diſcovers to us another world of won- 
ders. And here our contemplations may be endleſs, all 
bodies we look at, ſhewing us ſuch curious contexture 
of parts, and affording ſuch admirable appearances, -- | 
® and ſuch glorious colours, as cannot be well conceived” | 
without. ſeeing them. 5 
The very ſmall parts of bodies cannot be diſtinguiſb- 
ed by the eye, they ſubtend an angle ſo very ſmall ; 
and if they are brought nearer to ſubtend a greater 4 
© angle, they come without the limits of diſtin? viſion. 
1 For the eye cannot contract itſelf further than for an 
3 object at 4 inches diſtance to appear diſtin. If it is 
Y brought nearer, it will appear confuſed; and the 
'F more confuſed, the nearer it is. This confuſion may 
7 be prevented either by looking thro a hole in a thin 
plate of lead, whoſe aperture muſt be the leſs, the 
3 nearer the object is; or elſe by interpoſing a microſ- 
1 cope glaſs, between the object and the eye, to look thro. 
A To mention in particular ſome diſcoveries made by 
the microſcope. The ſkin of a human body is com poſ. 
| ed 
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ſilence in this matter. Not one of them giving the 
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ed of ſeveral ſcales lying over . one. another; between 


theſe layers of ſcales the excretory datts appear, thro 
which we perſpire ; there are abont 500 of theſe dutis 


fer one ſcale, and 250 ſcales are but equal to a grain 


of ſand. The particles of duſt Ming out of the puff 
ball, are perfe#t - ſpheres of an orange colour, and 


their diameters not above e of an bair's breadth. 
The circulation of the blood is 5 ſern by the microſeope, 
in the fins and tales of fildes, and the feet of frogs, 
and the inſertion of the veins and arteries made vift- 
ble. Hence alſo may be ſeen the armour of the flea, 
the ſycut of the tick, the briſties of the mite, the mo- 
tion of the muſcles, and the pulſe in a louſe. Many 


imperceplible animals may be feen with this inſirument, 


in green weeds, which grow in water, and in ſtanding 
water ; in the hollow of the cabbage and teazle ;-.and 


ſwwarms of them in the water that drains from a 


horſe dunghill , ſmall animals lodged in the ſcabs of 


ſuch as have the itch. It would be an inſinite labour 


to mention all the wonders that e little inſtrument 


ſhews us. 


Thus it appears, that Optics is not 15 a ſcience of 
the moſt extenſive uſe, but likewiſe of the greateſt plea- 


ſure and delight. A great many things in philojephy 


can neither be underſicod nor proſecuted without the 
knowledge of Optics. This gives an account of Light, 


Colours, Opacity, Tranſparency, Brightneſs, Faintneſs, 


Sc. The ſame ſcience alſo accounts for the appearances 
of meteors, the Rainbow, Coronas, Parahelion's, Pa- 


raſelene s; it gives acccunt of the nature of ſeeing ; 


without it nothing can be done in aſtronomy. Optics 


alſo brings forth Perſpeftive, in whi ch every rule of 


it is founded. 
Spettacles were not found out till the beginning of 


the 13th century. For the ancients had no knowledge 


of optic glaſſes, as is evident from their univerſal 


leaſt 
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leaſt hint thereof. And without doubt an invention of 
uch univerſal uſe to the world could never be conceal- 


ed. But the uſe of Angle glaſſes was known 300 years 


before men underſtood bow to combine them in teleſcopes. 
They knew nothing of the advantage the eye received 
thereby, by increaſing its power ſome thouſands of times 
beyond its natural abilities. For teleſcopes were not 
invented till about the year 1600, nor microſcopes till 
10 ar 12 years after. DEEP x. $04 
Many effects produced by optic glaſſes ſeem wonderfi 
and ſurprizing. A multitude of objefts ſeem diffuſed 
thro a large ſpace where there is no ſpace ,, and objets 
ſeem hanging in the air, where upon trial we can feel 
nothing. Objetts appear ſometimes greater, and ſome- 
times leſs than they are; and ſometimes pretty, and 
ſometimes doformed. And they that underſtand the 
principles of Optics and Perſpective, eaſily underſtand 
the reaſon of theſe phenomena. Optics aljo tends to 
free the mind from ſeveral prejudices ut had imbibed; 
and when plaſſes are at hand to demonſtrate their effects 
by experiment, it gives a vaſt pleaſure to the mind, to 
fee the Theory and Practice agree, and at once con- 
firms us in the truth of the Principles. And theſe 
experiments inſinuate 10 us, the great affinity there is 
between reaſon and experience; a matter of the great- 
eſt conſequence in all kinds of ſcience; as ſuch an agree- 
ment conduces more than any thing elſe, to the certain- 
ty thereof, by freeing the mind from all doubt, and 
fixing a firm aſſent therein. | | 
From what has been ſaid, and many more things 
that might be ſaid, appears plainly the excellency of the 
ſcience of Optics, and its great uſe to mankind above 
all others ; and how neceſſary it is for us to be acquaint- 
ed with it, to let us into the ſecrets of nature, not 
only in regard to the grand fabric of the whole univerſe, 
but likewiſe to the moſt minute and imperceptibls parts 


As 


of it. 


X Thee PREFACE. 
A, to this Treatiſe, I have handled the three dif- 
ferent parts of the ſcience diftinttly ; and treated of 

each of them as clearly as I could; and in as ſhort and © 

conciſe a manner, as [ could think on; and have de. 

monſtrated all the principles in a ſhort way, and in a 

method very natural and plain; omitting nothing that © 
I could think conducive to the advancement of this 

ſcience, or could find in the moſt approved authors. 1 

And in the laſt book have deſcribed ſeveral optical 

inſtruments, and demonſtrated their powers and effetts, ® 

which I hope will be acceptable to the reader. [I 
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A SyNnoPs1s, or ſhort View of the Con- 
tents of this Treatiſe. 
Ju * pave: 


BOOK I. SiurIE Oprics. 


F direct viſion. Of the nature of light, and how 
the colours are generated by refraction thro' a 
priſm. The apparent 1 magnitude, and brightneſs 
of objects ſeen directly. The colours of natural bodies 
how cauſed. Fits of eaſy tranſmiſſion and reflexion of 
the rays of light. The action of light and bodies upon 
one another. The motion of light is performed in time, 
The proportion of moon- light, &c. to day-light. 


B O OK II. CaroprTRics, 


The reflexion of light from plane and ſpherical ſur- 
faces. A general theorem for finding the focus. Of i- 
mages, their places, diſtances, poſitions, magnitudes, 
motions, and brightneſs, Burning concaves. The aber- 
ration of the rays. 


BOOK II. DioprRics. 


The refraction of light thro* one or more refracting ſur- 
faces, The power of different bodies to refract light. 
Of finding the focus of rays refracted by plane and ſphe- 
rical ſurfaces. A general theorem for finding the focus of 
rays refracted by a ſpherical ſurface, General theorems 
for finding the foci, for all forts of lenſes. The conju- 
gate foci of all lenſes determined. To find the focus, and 
the vertex of a lens by experiment. Images made by re- 
fraction their places, diſtances, poſitions, magnitudes, 
ſhapes, motions, and brightneſs, Burning glaſſes, Aber- 
ration of the rays, Th 
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BOOK IV. Opricarl INSTRUMENTS. 


The combination of glaſſes. Of viſien, and the ſtruc- 
ture of the eye, Teleſcopes with 2, 3, 4, glaſſes; their 
magnifying powers, diſtinctneſs, brightneſs, and viſual 
p 1 
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copie fights, and tes. Ol with. 
out tubes. Reflecting 3 z Gregory's, Caſſegrain's, 
Newton's ; their magnifying powers, diſtinctneſs, bright. 
neſs, and viſual angle. Tables of their dimenſions. To 


find the magnifying power of a teleſcope by experiment. 


A ſingle microſcope, its magnifying power and v5. wh 
noth. © A double microſcope, its magnifying power, bri 
neſs, and viſual angle, A reflecting microſcope. he 
ſolar microſcope. The magic lanthorn. Portable ca- 
mera obſcura, ſeveral kinds f them. Several 8 


for ſhewing perl] * views. Explanation of 5 co- 
lours of the rain 
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DEFINITION S. 
. 


O PTICS, is a.ſcience which teaches the nature 
of viſion; and of every thing relating to the 


ſight, 
DEF. IL 

A Ray of light, is an extremely ſmall part of it 
moving in a right line, or otherwiſe. 


D E F. III. 


A Beam of light is a ſenſible part of it, conſiſt- 
ing of a great number of rays. 


D.E-F. IV. 


A Pencil of rays, is a portion of light of a 
conical form, proceeding from a point, or elſe 
tending to a point, e 


. . 


Parallel Rays, are ſuch as run in parallel di- 
rections; and converging rays, are thoſe that tend to 
a point; and diverging rays, are ſuch as proceed 


from a point. | 


DEF. VI. 


A Medium, is whatever the rays of light paſs 
thro?, as water, oil, glaſs, air, or any tranſparent 
body; and even a vacuum. 


1 DEF. 


— ͤ-ͤ ß LAY. 


6-230 1.0 
DEF, VII. 


Reflexion, is when a ray of light flies off from 
the ſurface is falls upon, without entering into it. 


D E F. VIII. 


Refraftion, l is the bending or breaking of a ray 
of light, where it goes out of one medium into 


another. 
DEF. IX 
The Angle of- Intidence, is the angle made by 


the clog ray, and the A eqpraag”3 to that 
point of the ſurface-on which the ray falls. 


DE F. X. 


The - Angle of Reflexion, is the angle compre- 
hended . the reflected ray, and the per- 
pendicular on that point of the ſurface, on which 


it falls. 
DEF, I. 


The Angle of Refraction, is the angle which the 
refracted ray contains with the perpendicular to the 
refracting ſurface, at the point of incidence. And 
the refradted angle, is that contained between the 
incident and retracted rays. 


. | 
The Focus, is a point in which all the reflected 
or refracted rays meet together. The point from 
which the rays ſeem to diverge, is called the vir- 


tual Focus. The point to Which parallel rays are 
reflected or refracted, is the principal Focus. 


D E F. XIII. 


The focal Diſtance, is the diſtance of the focus 
from the reflecting or refracting ſurface. This ge- 
nerally relates to the principal focus. | 


DE Fo: IV: 
Conjugate Foci, are two ſuch points, that either 


of them being the radiant point,. the other will be 
the focus. 
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perties of Light, as are deduced 
from Experiments. 


— — 
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P R O P. I. 


A E N the eye views: many objects at great diſ 
tances, it refers all their places to the ſurface of 
a ſphere, whoſe center is the eye itſelf. 


For as far as an eye can ſee diſtinctly in any 


one direction, ſo far it can ſee in any other direc- 


tion, if not hindered by intermediate bodies; and 
this it can do quite round. Hence, when the ob- 
jects we look at, are at great diſtances, it is natu- 
ral to ſuppoſe them at equal diſtances. For under 
equal circumſtances, nothing appears to make one 
diſtance to be judged greater than another. There- 
fore we take the ſimpleſt way, and fuppoſe them 
all equidiſtant, or conſider them as ſo. Whence 
theſe diſtances being all equal or ſuppoſed equal, 


and all proceeding from one point, it it plain 


they are the radii of a ſpherical ſurface, whoſe 
center is that point. That 1s, the eye places all 
theſe objects in the ſurface of a ſphere whoſe cen- 
ter is the eye itſelf. | 


Cor. 1. The eye is always placed in the center of 
its 0Wn View. 


Cor. 2. Any portion of the heavens which falls 
under our view, appears as the portion of the concave 
ſurface of a ſphere. 
B 2 Cor. 


Fig. 


4 DIRECT YLSkDN. 


Fig. Cor. 3. When we look at the ſun, moon, and ſtars; 
or even at the clouds; they appear to us to be ſituated 
in the ſurface of one and the ſame ſphere. 

For theſe objects being beyond the extent of 
diſtinct viſion, therefore the eye cannot judge of 4 
their true diſtances. Therefore they will appear 
to us, as all ſituated in the ſurface of the = 4 
ſphere, and ſo equally diſtant. Tho? they be real.. 
ly at different diſtances from us. | 


nn 
. 1 * 
. a 
A * * — 


Cor. 4. Hence if the eye was to have a full view, 
from any place on the ſurface of the earth; it could 
ſee no more than a hemiſphere. 1 

For the horizon cuts off the other hemiſphere; 
and the body of the earth below that, hinders us 


from ſeeing any thing at a great diſtance. 


Cor. 5. The eye, keeping a fixed Poſition, can ſee 5 
no more objecis than are contained in a hemiſphere y 
ing direftly before the eye, nor quite ſo much. 

For if the baſe of this hemiſphere is ſuppoſed 1 
to touch the pupil of the eye; no rays can enter 
below that baſe; nor even in the plane of this 
baſe or near it, to cauſe any diſtinct viſion. 3% 


D 


Such rays as enter the eye perpendicularly, have 
the greateſt power to cauſe diſtintt viſion. 


This is matter of obſervation. And it is plain 
that rays that are oblique have leſs force to pro- 
duce their effects; and may be fo oblique as to 
produce no ſenſible effect at all. Therefore thoſe 
rays that are moſt direct, are moſt efficacious in 
cauſing viſion ; as they will fall perpendicularly 
upon the retina, at the bottom of the eye. And 
by theſe the image of any object will be painted 
molt diſtinctly upon the retina, 


oF, 4 
FE. » a 
.- 
Cor, 2 


n 


B.I DIRECT YISION. 5 
Cor. Hence, we ſee objetls the moſt diſtinflly, Fig. 
which are direftly before our eyes. | 
This is plain from this Prop. And is confirmed 
by experience, as 1s evident by our turning our eyes 
directly to the object; or from one part of an ob- 
ject to another, in order to ſee it clearer. 


PROP. III. 
An objekt appears greater or leſs, according as it 1. 


is ſeen under a greater or leſſer angle. 


Let ACa be the axis of the eye; AB, DE two 
equal objects. To the eye at C, draw BCꝭ, and 
ECc. Then the obje& BA appears under the an- 
gle BCA, or bca, and ED under the angle ECD 
or Ca. But Ca is greater than Ca; and ae 
greater than 45. But ae, ab are the appearances 
or pictures of the objects DE, AB, upon the re- 
tina. Therefore the former appears greater than 
OO 


Cor. 1. The diſtance between two objects A and B, 
appears to be greater as the diſtance of the ſpefater 
fs EH | | 

15 at the diſtance CD, the diſtance of the ob- 
jects appears under the angle ECD or Ca. And 
at the diſtance AC, it appears under the angle 
BCA or Ca. | 


Cor. 2. The apparent linear magnitude of an ob- 
ject AB, is reciprocally as the diſtance CA. 

For AB appears no greater than DF. But DF: 
DE or AB:: CD: CA. That is, the apparent 
magnitude of AB : apparent magnitude of DE : : 
CD : CA. 


Cor. 3. The ſuperficial apparent magnitude of an 
objet, is reciprocally as the ſquare of the diſtance. 


B 3 


For 


6 DIRECT VISION. 
Fig, For the apparent hights will be reciprocally aa 
1. the diſtance. And for the ſame reaſon, the appa- 
rent breadths will alſo be reciprocally as the dil- 
tance. Therefore the apparent ſurface compound- 
ed of theſe, will be reciprocally as the ſquare of 
the diſtance. 


Cor. 4. A perſon, eſpecially at great diſtances, > | 
judges that object to be greateſt ; which. appears under 9 
the greateſt angle. _ | 0 

For nature always takes the eaſieſt way; and it's 
eaſier to ſuppoſe things at the ſame diſtance, than 
at different diſtances, when nothing appears to the 
contrary. And at equal diſtances, a greater object 
will appear under a greater angle. x 
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PROP. IV. * 

An object appears ſituated in that place, from which, = 

the rays laſt of all diverge, in coming to the ſpefiators © 

eye . | : ; 4 3 
For by frequent experience, a man always finds 


an object ſituated in that place from which the 
rays diverge, and come directly to his eye. And 1 
being uſed to this, he judges ſo always. For if 7 
the · rays had been brought there by reflexion or re- 
fraction, they make the ſame picture in the bo- 
tom of the eye as if they had come directly from 
that place. And all viſion being performed by the _ 7 


pictures upon the retina; when theſe are alike, e 
muſt judge the ſituation of the object to be alike. 7 
Thus an object which appears by reflexion in a 


e 
2 * "he * 
* 4 
- » 
4 2 


looking glaſs appears behind the glaſs; and an ob- 
ject ſeen thro' a ſpectacle glaſs appears further off. 
And.a ſhilling in the bottom of a veſſel of water 


appears higher, and the water appears ſhallower, 
than it is, 
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From. every point of a luminous objeft, the rays of 
light diverge, and flow. every where in right lines, 


thro” the [ame medium. 


| For if the rays do not flow from every part of 
3 the object, ſuch parts as have none flowing from 
I them cannot be viſible; ſince nothing can be ſeen 


® without light, either innate or reflected. And it 
| flows in all manner of directions, becauſe in any ſi- 
tuation of the eye the ſame part of the object ap- 


tuations, the light muſt flow in all directions. 
And it muſt flow in right lines in the ſame medi- 
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um, for no reaſon can be gwen why it ſhould de- 
1 viate more to one ſide than another. Experiments 


"Z likewiſe confirm that it moves in right lines. 


4 Cor, 1. No rays of light are naturally converging; 
= but always . YG? e ene A 
-Þ For the rays are projected from bodies, or the 
parts of bodies; whether the light is innate or not; 
and therefore naturally diverge, When they con- 
X verge, they are made to do fo by art, by means 
of glaſſes, as mirrors, lenſes, &c. 


Cor. 2. Rays that ſhew things far diſtant, fall up- 
on the eye parallel. And to ſhew things near hand, 
| F they diverge from à point; which to cauſe diſtin vi- 


= fon, ought to have a proper diſtance, as 6, 8, 12 
F inches, Sc. or as near as the eye will permit. | 


Cor. 3. And therefore to make an objet ſeem at a 
great diſtance ,, the rays flowing from each point of it 
ought to be brought parallel to the eye. 
This is to be done by the help of proper glaſſes; 
and then art will imitate nature. n SHOE 
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ears and may be ſeen. And being viſible in all 


— * — —— 


Fig. 


DIRECT VISION. 
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PROP. VI. 


The denſity of rays flowing from an objefF, or any 
part of an object; is reciprocally as the ſquare of 
the diſtance, | | 


Let the rays flow from A, and fall upon the 
plane BC ; then taking the plane BC away, let the 
ſame light fall on any other plane DE, which is 
done by producing the lines AB, AC, to D and 


'E. Then the area of the ſurface BC, is to the 


area of the ſurface DE; as BC* to DE“; or as 
AB! to AD*. Let s be any ſmall ſpace, / the 
quantity 2 light contained in DAE. Then BC“: 

: : |: 555 = the number of rays on the ſpace 5, 


at the diſtance AB. And DE* : 5: 1: EA — 
number of rays on the ſpace s, at the diſtance AD. 
And the denſity of light being as the number of 
rays; it will be, denſity of light at B: denſity of 
ls | | 


+ ls a 2 2 — 
light at D:: ;: BF:: DE : BC: AD: AB 


Cor. 1. The quantity or intenſity of light, flowing 


From a luminous object, is reciprocally as the ſquare of 


the diſtance. 


Cor. 2. The brightneſs of an object, is the ſame 
at all diſtances from the eye; if none of the rays be 


ſtopt by the way. : 


1 


For the brightneſs is the ſame, when the ſame 
quantity of light falls upon the ſame quantity of 
the retina, in the eye; or when the denſity of 
light on the retina is the ſame. But the denſity of 
light falling on the pupil, or the quantity of light 
falling on it, is reciprocally as the ſquare of the 

diſtance. 
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B. I. DIRECT VISION. 


diſtance. And (III. Cor. 3.) the apparent magni- 
tude of the object is reciprocally as the ſquare of 
the diſtance. Therefore the quantity of light on 
the pupil, is as the apparent magnitude of the ob- 
ject, that is, as the ſpace taken up on the retina. 
Therefore the quantity of light being as the ſpace 
taken up, its denſity is given; and therefore the 
brightneſs is given, or remains the ſame. 


Cor. 3. Hence the faintneſs of remote objects is 
owing to the denſity and opacity of the atmoſphere, 
which ſteps a great part of the light, in coming to the 
eye. 
| PROBE... VI. 


If a room be made quite dark, and a ſmall bole in 
the window ſhut be made. The objects out of the 
Bouſe being ſtrongly illuminated; the rays proceeding 
from them, thro the bole, will form their pictures on 
a paper, or on the oppoſite wall, in their proper co- 
lours; but in an inverted ä 


Let PQR be the dark room, F the hole in the 
window ſnut, ABCD an object without. The rays 
proceeding from the top A, in the right line AF, 
will form its image at à towards the bottom of 
the wall. And the rays proceeding from the 
bottom C, in the line CF, will paint its image 
at the top c. Likewiſe the rays proceeding from 
the left B, in the line BF, will make the image 
of B on the right hand at 5. And thoſe proceed- 
ing from the right hand D, in the line DF, will 
form its image on the left at d. Likewiſe all the 
rays proceeding ftom the line AC, will form its 
image ac. And thoſe from BD will make its image 


ba. And the like for any other object expoſed to 
the hole F. 13 


Cor. 


10 


Fig: 
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DIRECT VISION. 


Cor. 1. F the bole F be very ſmall, the pictures 


will be very. diſtin#?, but hardly vifible for want of 
light., And if the hole be large, the piftures will be 
brighter, but not diſtintl, To remedy theſe things, a 
broad convex lens of a. proper focus, muſt be placed in 
the bale made wide enough ta receive it. 


Cor. 2. If an object, too near the eye, appear com 
fuſed ;, it may be ſeen clearly thro” a hole made in a 
Piece of paper with a pin, and put cloſe to the eye. 
Then. it will appear diſtin, and in its true poſition. 

This is upon the ſame principle. For if the 
hole is ſmall, the rays flowing from all the points 


of the object, will fall upon as many diſtinct 


points of the retina z and make a diſtinct picture. 


Cor. 3. But if the paper with a ſmall hole in it, 
be held at a ſmall diſtance, and a needle held cloſe ts 
the eye, or any way between the eye and the paper; 
it will appear inverted, and magnified. 

The reaſon of this is, that the rays croſſing one 
another at the hole, before they come to the ob- 
Jet; the picture of the object muſt be painted the 
fame way that it lies; contrary to the caſe of the 
24 Corol. where the rays croſſing one another be- 
tween the object and the eye, makes the picture in- 
verted. But we know, that a picture inverted in 
the bottom of the eye, makes the object ſeem 
erect ; conſequently, when the picture is erect in 
the bottom of the eye, the object will ſeem inverted. 


Cor. 4. From the ſame principle it follows, that if 
the ſun ſhines thro a long narraw ſlit AB in a win- 
dow ſhut ;, its image CD at a good diſtance from the 
window, will approach to a circle. 

For the cone of rays flowing from all parts of 
the fun thro? the point A, will be projected into a 
circle at C; and thoſe flowing thro* B will be pro- 
jected into a circle at D. And ſo rays flow- 
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11 a 


ing thro all points between A and B, are project - Fig. 
ed into innumerable circles between C and D; 42. 


each of theſe circles is the image of the ſun, and 
all together make up the oblong figure CD. In 
this figure the extreme circles C, D, grow larger 
at a greater diſtance, whilft the diſtanee of their 
centers remains the ſame, being equal to AB. Sa 
that as the diſtance increaſes, the length and breadth 
of the figure increaſes equally, and at a great diſ- 
tance, their difference vaniſhes as to ſenſe. At the 
place FG, the figure is narrow, having rectilinear 
ſides and circular ends. And after the ſame man- 


ner, if the ſun ſhines thro? a triangular hole or any 


other figure, the image at a great diſtance will be 
nearly circular, and the centers of the extreme 
circles will form a triangle or other figure, ſimilar 
and equal to the hole, ms 


SCHOLIUM, 


An apparatus made after the ſame manner de- 
ſcribed in this Prop. is called a Camera obſcura. 


The light of the ſun confiſts of rays differently re. 
frangible. | 


r. | 
To prove this by experiment. In a very dark 
chamber, make a round hole F, about inch dia- 
meter, in the window ſhut EG. Place a glaſs 


priſm ABC very near the hole; ſo that a beam of 


light SF coming in at the hole, may paſs thro' the 
priſm and be refracted upwards, towards the op- 
e wall of the chamber, and there form a co- 
loured image of the ſun PT. This priſm is tri- 
angular at each end, 3 or 4 inch long, and is po- 
liſhed on the 3 ſides AB, BC, CK. It is here 
placed parallel to the horizon, and its axis e 

icular 


12 LIGHT and COLOURS. . 
Fig. dicular to the beam SF. Turn the priſm ſlowly 
4. about the axis, and you will ſee the refracted light | 
on the wall, or the coloured image of the ſun, firſt 
to deſcend, and then to aſcend. Between the de- 
ſcent and aſcent, when the image ſeems ſtationa® 7 
ry, ſtop the priſm and fix it there. For in that 
| poſture the refractions of the light on the two ſides 
| CB, CA, are equal to one another. | | 
So likewiſe in other experiments, when you 
would have the refractions on both ſides the priſm 
to be equal, you muſt note the place on the wall 

where the image ſtands ſtill, between two contr 
motions; and make it faſt there. In this poſture 
of the priſm all the following experiments are to 
be made, unleſs ſome other poſture is deſcribed, 
| The priſm remaining in this poſture, let. the re- 
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fracted light fall perpendicularly upon a ſheet of 

white paper at the oppoſite wall of the chamber, 

| and you'll fee the ſolar image formed on the paper 
| to be oblong, and not oval, but terminated with 
two rectilineal and parallel ſides, and two ſemicir- 
cular ends; the ſides bounded pretty diſtinctly, 
but the ends very confuſedly and indiſtinctly, the 
. light there decaying, and vaniſhing by degrees. 
5 Here the breadth anſwers to the ſun's diameter; 


at 18 + feet from the priſm, the breadth diminiſh- 
| ed by + inch, the diameter of the hole, is 1 7 inch, 
. | and ſubtends an angle at the priſm of half a de- 
; gree, which 1s the ſun's apparent diameter. The 


length 10 + inches, when the refracting angle of the 
priſm C is 64 'degrees. With a leſs angle of the 
priſm- the length of the image will be leſs. If 
! the priſm be turned about its axis, that way which 
if makes the rays emerge more obliquely to the fide 
1 AC; the image ſoon becomes an inch or two 
(|. longer, or more. And if the priſm be turned 
= about the contrary way, ſo as to make the rays fall 
in more obliquely on the ſide CB, the image ſoon be- 
comes 
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can be, in placing the priſm, ſo that the refrac- 
tions on both ſides may be alike, _ = 
This experiment tried with a priſm, whoſe re- 
fracting angle C is 62 + degrees, the length of the 
image will be 9 + or 10 inches, at the ſame diſ- 
tance. The magnitude of the hole in the window 
ſhut, the different thickneſs of the priſm, where 


the rays paſs thro', the different inclinations of 


the priſm to the horizon (or different hights of the 


ſun), make no ſenſible changes in the length of the 


image. Neither does the different matter of the 
priſm make any; for in a priſm made of plates of 
glaſs and water within, there is the ſame reſult. 
Alſo the rays always go on in right lines from 
the priſm to the image. And therefore at their 
going out of the priſm, have all that inclination to 
one another, which cauſes the length of the image; 
that is the inclination of 2 4 degrees or more. From 
all which it is plain, the rays falling on P are more 
refrangible than thoſe falling on T. For if the 
rays were all alike refrangible, the image PT 
would be a circle, whoſe length is equal to its 
breadth z which is eaſily proved thus. | 
Let SKHP be a ray coming from the lower part 
of the ſun to the higher part of the image; and 
refracted by the priſm at K and H, SLIT a ray 
which comes from the higher part of the ſun, to 
the lower part of the image, and is refracted at L 
and I. Suppoſe the refraction on both ſides the 


priſm, are equal; we have, refraction at K = re- 


fraction at I, and refraction at H = refraction at 
L. Then by addition, the refractions at K and H 
= refractions at I and L. And therefore the two 
rays being equally refracted, have the ſame incli- 
nation to one another after refraction as before; 
that is, half a degree, equal to the ſun's apparent 

diameter. 


comes an inch or two ſhorter. And therefore in Fig. 
trying this experiment, one muſt be as careful as 4. 
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Fig. diameter. So then PT would ſubtend an angle at 
4. the priſm of half a degree, and therefore would be 


equal to the breadth, and conſequently the image 
would be round. But inſtead of that, it is five 


times longer than it is broad. 


Likewiſe the image PT is coloured; for from T 
to P it has theſe different colours in this order, red, 
orange, yellow, green, blue, purple, violet; at 
the places, 7, o, y, g, B, p, v, reſpectively. So 
that the moſt refracted part at P is violet, and the 


leaſt refracted at T is red. And the intermediate 


part, all the other colours. 

Exp. 2. When a beam of light is let in at the 
hole F, of the window ſhut; bold the priſm in 
ſuch a poſition that its axis may be perp. to the 
beam. Then look thro' the priſm to the hole, and 
turning the priſm about back and forward, to find 
when the image is ſtationary ; there ſtop the priſm, 
the refraction on both ſides being then equal. Then 
looking thro' it, at the hole; the length of the 


image will appear to be many times greater than 


the breadth. The moſt refracted part being vio- 
let; and the leaſt refracted, red. The middle 


parts blue, green, yellow in order. 


And if the priſm be removed out of the ſun- 


beam, and then looking thro' it at the hole; you 


will have the ſame appearance. Now if all the 
rays were refracted ahke, the hole would appear 
round when refracted thro* the priſm. So that at 
equal incidencies there is a conſiderable inequality 
of refraction. 


Exp. 3. To try what is the effect of refracting the | L 


rays a ſecond time. Things being ordered as in 


the firſt experiment, place a ſecond priſm cloſe by 
the firſt in a croſs poſition as DH, that it may 
again refract the beam which comes thro? the firſt 


priſm. The firſt priſm refracts it upwards ; and 
the fecond, ſideways. By the firſt priſm alone the 
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leſs refraction in ; 
any dilatation of the image in breadth. Likewiſe 


lower part , 
here is no dilatation or ſplitting of rays. 

And if a third and even a fourth priſm be plac- 
ed in the fame manner after the ſecond, the reſult 
will be the ſame; and the moſt refrangible rays 


will be moſt refracted, as before; and the leaſt, 


the leaſt refracted, ' whilſt their colours remain un- 
changed. | 

Exp. 4. If inftead of one hole in the window, 
there be made two holes, under one another, at a 
ſmall diftance ; and refracting the light upwards by 
two parallel priſms, placed one at each hole; and 
then refract the two images to the oppoſite wall, 
in ſuch manner that the two coloured images ma 
be joined end to end in a right line. Then if both 
theſe refracted beams were again refracted ſideways 
by a third priſm placed acroſs the two firſt (as in 
Exp. 3.). Then the two beams would be refract- 
ed to the places pf, mn; which would not now 
lie in one right line with their ends touching. as 
before; but be ſeparated and become parallel. 


The blue ends m, bi being by a greater refraction 
tranſlated further from. its former place, than the 


red ends u, t. And the ſame happens if the third 
priſm be placed at a good diſtance from the others. 
Exp. g. If a beam of light be reflected by one 


ſide of a priſm, and then refracted by another 
pPriſm, ſome of the rays will be more refracted, 


and others leſs. Or if it. paſſes thro' one ſide of 


h priſms ; and that without 


a priſm, 


15 
beam is refracted to PT, and gt is the image made Fig. 
by the refraction of the two eroſs priſms together. gf. 
Then it will appear by the refraction of the ſe- 
cond priſm that the breadth of the image is not in- 
creaſed, but the upper part P ſuffered a greater 
refraction in both Fn and the lower part T, a 


as before, the upper part q appears violet; and the 
a and the reſt as before. So that 


16 


F by a priſm, and is reflected by another ſide, and made 


to paſs thro' the third fide; and after this be re- 


And the 
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fracted by another priſm ; ſome rays will at laſt 
be more refracted than others. Or if a beam paſs 


* thro? parallel ſurfaces of glaſs, and be then refract- 
ed; the conſequence will ſtill be the ſame. And 
therefore it is fully 


proved, that the ſun's light 
conſiſts of rays differently refrangible. 
Exp. 6. Let a ſmall hole be made in the paper 


where the image PT is; and let each of the co- 


lours paſs ſucceſſively thro? this hole; and be re- 
fracted again by a priſm behind the hole. Then 


each of theſe colours will be found to continue the 


ſame as before without any manner of alteration. 
figure or ſpot of light on the wall, will, 
as to ſenſe, be circular. So that none of theſe co- 
lours are the leaſt changed by refraction“ Like- 
wiſe if ſmall bodies be placed in this new light, 
they will appear of the ſame colour as that light, 
red in the red light, green in the green light, &c. 
So that the colours are no way changed by re- 
flexion. Likewiſe if you look at any of theſe ſpots 
of new light upon the wall, thro* a priſm, they 
will appear wholly of the ſame colour, and no way 
dilated or expanded in length. So that homogeneal 
light ſuffers no manner of alteration in any caſe. 
And in all theſe trials it will appear that thoſe 
rays, which were moſt refracted at Arlt, are always 
afterwards moſt refracted. And thoſe that are leaſt 
at firſt, are always leaſt afterwards. 


Cor. 1. Every ray of light has a peculiar degree of 
refrangibility, which cannot be changed by any re- 


exions or refractions; but remains conſtantly and in- 
variably the ſame. 


Cor. 2. The confuſed viſion of any objef ſeen thro 
a refrafting body or medium, ariſes from the different 
refraction of the light. 
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Eo For different rays flowing from the ſame point Fig. 
of an object, will be refracted to different points 
on the retina at the bottom of the eye. 


Cor. 3. The light reflected or emitted from all bo- 
dies, conſiſts of reys differently refrangible. . 

= For the light reflected from all bodies on the 
= earth, is the ſun's light. And beſides, if one 
looks at any object thro* a priſm, that object will 
appear tinged with colours. Take a ſmall part of 
a body, illuminate it ftrongly, and looking at it 
thro? a priſm, you'll have an oblong image like 
PT. (fg. 4.) with all the colours. In like manner, 
a ſtar, a lamp, a candle, a burning coal, red hot 
iron, or any burning matter ſeen thro' a priſm, 
= gives the ſame appearance. | 


"Rr. 


Cor. 4. Hence alſo the fmple primary colours are 4. 
== /zven; red, orange, yellow, green, blue, purple, violet. 
= The red being leaſt refracted, and ſo in order to the” 
violet, which is moſt. And the ſpaces taken up by 
= 2heſe, are not equal ; the orange and purple being lit- 
te more than half each of the reſt, which are nearly 
equal. „ | 
b a This is known by meaſuring the parts of the 
image PT. | 
| Cor. 5. Hence objets ſeen thro glaſſes in purified 
er bomogeneal light will appear diftintt , but very con- 
X Fuſed in beterogeneal or common light. 
2 This is plain from the 3d experiment; and may 
be further evinced by placing flies, or the letters of a ; 
dock, or any minute objects in homogeneal light, 
= where they will be perfectly ſeen, and their parts 
diſtinctly defined; but will appear confuſed in 
common light, and their ſmall parts cannot be diſ- 
tinguiſned therein. 
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LIGHT any COLOURS. * * 
Schotrtruu. 
Sir J. Newton, by accurately meaſuring the 


Þ 
ſpaces, that the ſeveral colours take up, found them 
as follows; =: 
red, orange, yellow, green, blue; indigo, violet. 3 F * 
1 3 2 I I 1 2 =" 
8 40 15 6 6 1 IF 
Where the whole length of the image is r. 1 

1 

PROP. IX. _ 


* 2 Y q 


Rays of light which differ in colour, differ alſo in 
degrees of refrangibility. | 


Exper. 1. Take an oblong piece of paper DGI, 
draw a line croſs it in the middle, to divide it into 
two equal parts. Paint one end DG with blue, 
the other GI with red, as ſtrong as you can. Lay 
it flat where there is light enough; lock at it thro' 
a glaſs priſm, held parallel to it, and to the hori- 
zon ; then if the refracting angle of the priſm be 
upwards, ſo that the paper may ſeem to be lifted 
upwards by refraction ; - the blue half FO will be 
lifted higher by refraction, than the red half OR. 
But if the refracting angle of the priſm be turned 
downwards, ſo that the paper may ſeem to be ears "4 
ried lower by refraction; its blue half will be car- 
ried lower than the red halt. Therefore the light 
from the blue is more refracted, and therefore is 
more refrangible, than the light from the red. | 

Exp. 2. Take the ſame paper, whoſe two halves 
are painted with red and blue, and lap a thread ot 
black ſilk ſeveral times about it, ſo that the parts | 
of it may appear upon the colours like ſo many 
black lines drawn over them. Set this paper per- 
pendicular againſt a wall in a dark room, or in the 
night; ſo that one of the colours may ſtand to the 
right, and the other to the left. Place a candle 

near 
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near the paper to illuminate it ſtrongly. Then Fig. 
take a lens of a large focal diſtance, and place it 7. 
at ſuch a diftance, that the rays coming from the 
ſeveral points of the paper may be collected to a 
focus, at about the ſame diſtance on the other 
hand; and ſo form the image of the coloured pa- 
per upon a white paper placed there. Then mov- 
ing the paper to and from the lens, to find where 
the images of the blue and red parts of the paper 
appear moſt diſtin& ; which is eaſily known by the 
images of the black threads of filk, which will be 
diſtin& there; and you'll find where the red half 
of the paper appears diſtinct, the blue half will 
appear confuſed ; ſo that the black lines on it can 
ſcarce be ſeen. And on the contrary, where the 
blue half appears diſtin, the red half will be 
confuſed, ſo that its black lines can ſcarce be ſeen. 
And therefore between theſe two places, where 
theſe ſeveral images appear diſtinct, there will be 
a remarkable diſtance, which will be about an inch 
and a half, if the diſtance of the candle or paper 
from the lens be about fix feet. Therefore the fo- 
cal diſtance of the red being greater, than that of 
the blue; proves the blue rays to be more refran- 
gible than the red. Therefore rays that differ in 
colour, differ alſo in their degrees of refrangibility. 
La lame appears by the experiments in the laſt 

rop. | 
Note, A lens is a ſolid piece of glaſs, the two 
ſides being the ſegments of ſpheres, and poliſhed. 
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Cor. 1. Hence all light naturally conſiſts of betero- 
geneous rays, which exhibit different colours, 
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Cor. 2. Every ſort of homogeneal rays produces its 
Proper colour, according to its degree of refrangibility. 
And thoſe that agree in colour, agree in the degree of 
refrangibility; and its colour cannot be changed by any 
reflexions or refraftions. 
C 2 Cor, 
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Cor. 3. There are as many ſimple colours as there 

are degrees of refrangibility, and therefore an infinite 
number. . | 


For tho' in Exp. 1. Prop. VIII. there are oni 
ſeven ſimple colours mentioned; yet each of them 
conſiſts of an infinite number of degrees, and there- * 


fore are infinitely various, 


Cor. 4. The perfection of teleſcopes and microſcopes | A 


is prevented by the different refrangibility of the rays 


This appears by the 2d experiment ; for theſe 
inſtruments are compoſed of lenſes of ſeveral ſorts. 
No rays iſſuing from a point can be refracted ex- 
actly to a ſingle point. . 


Cor. 5. Hence it is plain, if the ſun's light con- 


ſiſted but of one ſort of rays; there would be but one 


new colour by 
quence the variety of colours depends upon the compo- 


colour in the whole world, 'or all things would be of 
one colour. Nor would it Be poſſible to produce any 
reflexion or refrafiion. And of conſe- 


Fition of light. 


4. 


| SCHOLI1UM. 4 f 
If a large hole F be made in the window ſhut 

EG, and the priſm ABC placed near it, and cloſe 

to the priſm on the other ſide, a thin board DO, 


with a ſmall hole in it; and at 12 feet diſtance, tile 
board MN be placed, having a ſmall hole in the 
middle of it; and cloſe behind it, the priſm R. 


Then if the priſm ABC be turned ſlowly to and fro 


poſite wall. Then it will appear, that the light 


about its axis, the image PT will move up and down 
on the board MN; and by this means, all the ſe- 


veral parts of it may be made to paſs thro* the hole 


in it. And each of theſe paſſing thro', is refracted 
again by the priſm RQ, and ſo paſſes to the op- 


which is moſt refracted at ABC, is alſo moſt 
refracted 
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. I. LIGHT Av COLOURS, 21 
refracted at RQ, and goes to the higher part Fig. 
+ of the wall at X. And the light which is leaſt 4. 
J refracted at ABC, is alſo the leaſt refracted at RQ, 

ly and goes to the lower part of the wall at T. And 
mn that the moſt refracted at X is violet, and the leaſt 
"4 refracted at Y is red. And all this happens, whilſt 
the two boards and the priſm RQ remain unmoved ; 
by which means the incidence of the rays upon the 
*X ſecond priſm, remains always the ſame. There- 
fore at the ſame incidence, ſome rays are more re- 
= fracted than others; and thoſe that are more re- 
& fracted at firſt, are more refracted afterwards, and 
* have always the ſame colour annext ; and the like 
for the reſt, So that it is evident, that thoſe rays 
that are endued with different colours, have dif- 

+ ferent degrees of refraction. From the perſpicuity 
and evidence of this experiment, it is called the 
= £xperimentum crucis. 


PROP, X. 


All rays of light falling on a reflefing ſurface, in 
= the ſame angle; are reflected in equal angles, if they 
Be reflected at all. 


1 
7 
Pa 
«OY 
* * 


ut Exper. Let F be a hole in the window ſhut, G 8. 
ole ga reflecting ſurface placed horizontally. Let a beam 
O, of light from the ſun FG, come thro? the hole F, 
he and fall upon the reflecting ſurface G, and then 


be reflected to H on the oppoſite wall; the figure 
Q. of the reflected light at H will be circular like the 
fro hole F. And therefore there is no ſeparation of 


wn 1 the rays as in refraction. And no colours are 
ſe- brought by reflexion. | 
ole Alſo if a paper be held any way between G and 


H parallel to the wall at H; the image received 
upon the paper will always be ſimilar to the image 
= at H, and of a circular form. And therefore the 
= rays that had the ſame incidence, will run parallel 
C 3 to 


22 LIGHT any COLOURS. . 
Fig. to one another after reflexion; and conſequently i 
8. are reflected at equal angles, 1 
Indeed the Beam FG grows wider as it is further 
from F, and GH grows bigger as it is further from 
G; but this is only owing to the apparent magni- 
tude of the ſun's diameter. For from any one 
point of the ſun's diſc, the rays which fall parallel 

on G, will be reflected parallel to H. 


Cor. Hence there is no ſeparation of the rays 7 
oP light by reflexion, any thing like what there is by re- 
ren. + | 1 
Indeed the moſt refrangible rays will be the ſoon- 
eſt reflected, if they move out of a denſe medium 
into a rare one; as ſuppoſe a beam of heterogene 
ous light moves in direction FG; ſome' of it 1s 
refracted along GD, and ſome along GC. There- 
fore if the angle FGA be diminiſhed ; the way of 
the moſt refrangible rays, GC, will come to GB, 
and be reflected along GH. But this is nothing 
to the preſent Prop. For it is reflected, becauſe it 
is impoſſible it can be refracted any longer, as it 
cannot enter the medium; and in this ſenſe, the 
moſt retrangible rays are the moſt reflexible. AZ 


PROP. XI. 


Whiteneſs, or the ſun's light, is compounded of all 4 
the primary colours mixed in a due proportion. » 
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4. Exp. 1. A beam of light being refracted by a 
priſm, as in Ex. 1. Prop. VIII, and made to form 
the image P on a piece of paper. Take away the 
paper, and hold a lens in the refracted rays, ſo as 
they may all fall upon it. This will cauſe the co- 
loured light, which diverged from the priſm to 
converge, and meet again at its focus. If you hold 
a paper behind the lens, the ſolar image will ap- | 
pear upon it intenſely coloured; and that by re- 
1 ceding 
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ceding from the lens, thoſe colours will come more Fig. 
and more towards one another; and by mixing to- 4. 
| gether, will more and more dilute one another 


continually; till at length the paper comes to the 


focus, where by a perfect mixture, all the colours 


will wholly vaniſh, and be converted into white- 
neſs ; the whole light appearing now upon the pa- 
per, like a little white circle. And afterwards by 
moving farther from the lens, the rays which con- 
verged and met at the focus, will now croſs one 
another there, and diverge from thence, and there- 
by make the colours to appear again, but in a 
contrary order, the red being now above, and the 
violet below. Here then the ſun beam SF, which 
at firſt was white, is by the refraction of the * 
ABC reſolved into its original colours; theſe co- 
lours, by the refraction of the lens, are again inti- 
N mixt, and reduced to their original white- 
n 
Now it is evident this whiteneſs is made up of 
all the colours of the image. For if any of the 
colours be ſtopt at the lens, the whiteneſs will ceaſe, 
and degenerate into that colour which is made by 
the compoſition of the remaining colours. And 
if the intercepted colour be then let paſs, and fall 
upon that compound colour, it will immediately 
reſtore its whiteneſs hy mixing with them. Thus 
if the blue rays be intercepted, the reſt will appear 
reddiſn, and then letting the blue paſs, the white- 
neſs is reſtored. And if the red be ſtopt, the reſt 
will appear blueiſh ; and letting the red paſs, the 
whiteneſs. is again reſtored, ENS 
And in making this white, the ſeveral rays do 
not ſuffer any change by acting upon one another. 
For if the paper be held beyond the focus, and the 
red colour be ſtopt and then let paſs again, the 
violet colour on the paper ſuffers no change. Nei- 
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ther will the red be changed by ſtopping and let- 
ting paſs the violet. | 

When the paper 1s held in the focus, and the 
white image there be viewed thro? a priſm, you'll 
have a coloured image like PT, And if any co- 
lour at the lens be ftopt and let paſs by turns, it 
will diſappear and return as often; but the remain- 


ing colours will not fuffer any change. One co- 


lour then depends on one fort of rays, and another 
colour, on another ſort. 

Exp. 2. Make an inftrument XY in faſhion of a 
comb, whoſe teeth are 1: inch broad, and diſtance 
two inches; and interpoſing ſucceſſively the teeth 
of this inftrument near the lens MN, placed as in 
the laſt experiment, you will ftop part of, the co- 
lours by the teeth, whilſt the reſt go on, thro' the 
ſpaces between the teeth, to the paper DE, in the 
focus, where it makes a round image. This image 
appears white, when the comb is taken away; 
but the comb being interpoſed, the whiteneſs 
changes its colour to that which goes on thro' the 
comb. And the colour 1s perpetually ſo varied by 
the motion of the comb up and down, that in paſſ- 
ing of all the teeth over the lens, the colours red, 
yellow, green, blue, 'purple, do always ſucceed 
one another, when the motion is flow. But if the 
comb be moved very quick, that the colours by 
their quick ſucceſſion cannot be diſtinguiſhed from 
one another, the appearance of the ſingle colours 
ceaies, and from a confuſion of them all, there 
ariſes one uniform white colour. Therefore of the 
whole light which now appears white, by the mix- 
ture of all the colours, there is no part really 
white. One part is red, another is yellow, a third 
green, a fourth blue, a fifth purple. If the im- 
preſſions of theſe ſeveral colours follow one another 
ſlowly, fo that they may be ſeverally perceived, 
| there 
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there is made a diſtinct ſenſation of all the colours Fig. 
ſucceflively. But if the impreſſions follow one ano- 10. 


ther ſo quickly, that they cannot be ſeverally per- 


ceived, there ariſes out of them all one common 
ſenſation, which is neither of this nor that colour, 
but is indifferent to them all; and this gives a ſen- 
ſation of whitenefs. Therefore when all the co- 
lours are viewed perfectly mixt in the focus of the 
lens, this will much more ſtir up a ſenſation of 
whiteneſs. | 

Exp. 3. A beam of light being refracted by a 
priſm ABC, and the ſun's coloured image PT made 
to fall on the oppoſite wall. If a ſpectator ſtand 
at FG, and place another priſm cloſe by ABC, 
and in the ſame poſition, and look thro' it to the 
image PT; then the colours of it will appear to 
be contracted into a round ſpot perfectly white. 
Which therefore is made ſo by the mixture of all 
the colours together. 

Exp. 4. Take a large circle or wheel ADF. Di- 
vide its circumference into 12 equal parts; ſet two 
of them from A to B; that is, make AB two of 
them, BC 1, CD 2, DE 2, EF 1, FG 2, GA 2. 
Draw lines to the center O. Then paint it, mak- 
ing DOE red, EOF orange, FOG yellow, GOA 
green, AOB blue, BOC purple, and COD violet; 
all of as bright colours as can be had. Then put 
an axis thro* the center O, and cauſe the wheel to 
revolve ſwiftly about its axis; and none of the co- 
jours will then appear ſingly ; but the whole will 
appear to be white. And this white will be the 
tuller, as the particular colours are the brighter. 

Exp. 5. Whiteneſs may be made by mixing co- 


loured powders together. Thus, put together orpi- 


ment, a purple powder, bile, and verdigreaſe, 
theſe being mixt well together, will compound a 
white colour ; the quantities of them muſt be found 


out by trials, and leſs or more of each muſt be 


taken, 


11. 


26 LIGHT any COLOURS. 7 
Fig. taken, according to their brightneſs or dullneſss. 
But all powders of this kind, loſe or ſtifle a great 


; deal of the light that falls upon them; and there- þ 
wh fore a white cannot be made bright enough of theſe, > 
by: but will appear duſky; to help this, it muſt be 
10 U laced in a ſtrong light, and viewed at a diſtance. 


ut rom all theſe experiments it appears, that white- 
EE neſs is a due mixture of all other colours. 


red and yellow make an orange. Orange and 
green make a fort of yellow. Yellow and blue 
WR! make a green. Green and purple make a blueiſh 
il colour. And blue and violet make a purple. 


wi Cor. 1. A mixture of colours may be made which 

itt ſhall be like the colour of homogeneal light. But it © 

146 ' evill differ in this, that the parts of it will be diſte- 

106 rently refrangible. '# 

1 For almoſt any of the priſmatic colours may be 

| imitated by mixing the colours on each ſide. Thus 
: 


[if Cor. 2. Hence one may know how to make a mix- 


l ture of colours, that ſhall be like the colour of a given 
bt object. 
5 Look at the object thro? a priſm, to ſee the ob- 
5 long coloured image of it, which divides the co- 
5 four of it into all the ſimple colours it is compoſed 7 


of. Take ſuch a quantity of every ſeparate co- 
bl lour, you ſee in the image, as ſhall be proportional 
ll | to 1ts intenſity or degree of brightneſs. And ſuch 


118 as are faint or hardly appear, may be omitted. 
wal Then mix them together. 7 
"Hu Cor. 3. All colours in the world are either the co- 
[i lours of homogeneal light ; or compounded of them. 
190 This is evident from this and the foregoing Pro- 
poſitions. 1 


Cor. 4. A body that reflefts no colour, is black. 7 


Cor. 
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* Cor. 5. Hence black is no colour, and white is all Fig. 


colours. 


PROP. XII. 
If any body be placed in fimple or homogeneal light 


of any colour; it will appear of the ſame colour. 


Exp. 1. Suppoſe the beam of light SF to paſs 


. thro? the hole F, in the window ſhut, and being 


refracted by the priſm ABC, to caſt the image PT 
on the oppoſite wall, and to form all the original 


priſmatic colours. Take a bit of paper, and hold 


in the red light, and it will appear red. Hold it in 
the orange, yellow, green, blue, &c. ſucceſſively, and 
it will appear orange, yellow, green, blue, &c. ſuc- 
ceſſively. ORs 
Take a bit of coloured paper, and hold it in the 
red light, and it will appear red; alſo hold it in 
the orange, yellow, green, &c. and it will appear 
orange, yellow, green, &c. reſpectively. But it 
will appear moſt luminous when placed in the light 
of its own kind. The room muſt be dark in try- 
ing this experiment, as well as in the following. 
Exp. 2. The ſame apparatus continuing. Take 
cinnabar, and place it in the yellow light, and it 
appears yellow ; place it in the blue light and it 
appears blue, &c. But place it in the red light, 
and it is moſt luminous, this is its native colour. 


Indigo placed in the red light is red, in the orange 


it is orange, in the green it is green, &c. and placed 
in the purple, its own natural light, and it is a 
moſt reſplendent purple; and its ſplendor gradually 
diminiſhes, by moving it by degrees thro? the green 


and yellow to the red. Place a bit of blue ribbon 


in the red light it appears red; and in the orange, 
yellow, green, it appears orange, yellow, or green, 
but faint. Place 1t in the blue light, and it is a 
moſt bright blue. 


Exp. 


27 
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Fig. Exp. 3. The ſame things n If ciunaba: 
4. and ultra marine be held together in the red light, 
they will both appear red. But the cinnabar wil! 
appear of a ſtrong luminous reſplendent red; and 

. ultra marine of a faint obſcure and dark ret. 


And if they be held together in the blue light, 
they will both appear blue; but the ultra marine 
will appear of a ſtrong luminous and reſplendent | 
blue ; and the cinnabar of a faint and dark blue. 
So that the cinnabar reflects the red light much 
more copiouſly than the ultra marine does; and 
the ultra marine reflects the blue light much more 
copiouſly than, the cinnabar doth. The ſame may © 
be tried with other bodies. * 


f Cor. 1. The colours of all bodies ariſe from hence/, 
. that ſome bodies reflect one ſort of rays, others another © 
1 ſort of rays, more copiouſly than the reſt. And they 
WE * Become coloured, by refledting the hight of their own 
14 colours more plentifully, and that of all other colours 
14 more ſparingly. 

* That this is the only reaſon of their colours, ap- 
be pears from theſe experiments ; and further from this 

| conſideration, that the colour of homogeneal light 
{31 cannot be changed by the reflexion of natural bo- 
[4 dies. And therefore they cannot appear coloured 
by any other means than by reflecting the light of 
their own colour. 
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Cor. 2. *Tis light only that gives colour to bodies; 
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| and they have naturally no colour in themſelves. 
it For a body cannot be ſeen in the dark, when 
"wh there is no light. For there is nothing in the body 


ih but a diſpoſition to reflect this or that ſort of rays, 
I which makes them be ſaid to be of that colour. 
And the rays properly ſpeaking are not endued 
with colours; for in them there is nothing but a 
certain power or diſpoſition to excite a ſenſation of 
this or that colour in the brain, 

Cor.' 
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Cor. 3. Liquors that refleft any colour, tranſmit Fig. 


the other ſorts. : 
For inſtance, a liquor that reflects the blue light, 


imbibes the red, which will paſs thro' it, if the veſ- 
ſel is not too broad. And if there be two liquors 
a red and a blue; tho? either liquor be tranſparent 
apart, yet you'll not be able to ſee thro* both to- 
gether. For if only the red rays pals thro* one, 
and only the blue thro the other; no rays can paſs 
thro' both. Now if bodies become coloured by 
reflecting, or tranſmitting this or that ſort of rays 
more copiouſly than the reſt; it muſt be conceived, 
that they ſtop and ſtifle within themſelves the rays 


which they do not reflect or tranſmit. 


Colour of liquors varies with their thickneſs. 
Thus a red liquor in a conical glaſs, looks of a pale 
yellow at bottom; a little higher it grows orange; 
higher ſtill it becomes red; and where the ! 18 
deepeſt, the glaſs is broadeft. And higher it will 
tranſmit no rays ; they being all loſt by degrees in 
the body of the liquor. And thence it appears that 
red is the ſtrongeſt light, and will penetrate fartheſt 
into a fluid. And this 1s evident by the obſerva- 
tions of thoſe that dive into the ſea; for the ob- 


Jets look the redder the deeper one goes; the other 


rays being reflected back. 


Cor. 4. Hence the red rays are the ſtrongeſt, are 
leaſt turned out of their way, and penetrate fartheſt 
into a reſiting medium. And the reſt of the colours 
are weaker and weaker in their order; the violet being 
the weakeſt. | 


Cor. 5. We can make a body to be of any colour 
wwe pleaſe, Ly holding it in the light of that colour. 


PROP. 
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LIGHT and COLOURS, 


FR OE; AM. 


The colours of natural bodies depend upon the fize 
and denſity of the compounding particles. 


Exper. 1. Take two object glaſſes belonging to 
two long teleſcopes, one a plano convex, the other 
a double convex. Lay the plane ſide of one AEB, 
upon the convex ſide of the other CED. Then 
looking perpendicularly upon them, you'll ſee a 
black ſpot in the middle where they touch; and 
ſeveral concentric rings of colours about it, at Z, 


F, G, H, I, A, &c. Theſe rings may be reck- 


oned of ſeveral orders, by reaſon of the ſame colour 
coming over again. Theſe orders are as follows, 
1. Z, black, blue, white, yellow, red. 2. F, 
violet, blue, green, yellow, red. 3. G, purple, 
blue, green, yellow, red. 4. H, green, red. 5. 


I, greeniſh blue, red, &c. Which colours groß, 


weaker and weaker from the center ; and alſo nar- 
rower and narrower. | 
But if the light be made to paſs thro' the glaſſes 
to the eye, the ſpot in the middle will be white; 
and the orders of colours, going from the center, 


quite contrary to the others. 1. White, yellowiſh 7 


red. 2. Black, violet, blue, white, yellow, red. 
3. Violet, blue, green, yellow, red, &c. The 
black lines between the glaſſes, at, F, G, H, I, 


A, are diſtances in arithmetical progreſſion, being 


the places where the ſame colour returns, by re- 
flected light, as at the firſt trial. 

Meaſuring the diameters of the rings in the 
brighteſt part, their ſquares are found to be in 
arithmetical progreſſion of the odd numbers 1, 3, 
5, 7, 9, 11, &c. And ſince one of the glaſſes 
was plane and the other ſpherical; their diſtances 
at theſe rings, that is, at Z, F, G, H, &c. —_ 
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B. I. LIGHT any COLOURS. 531 
be in the ſame progreſſion. Alſo meaſuring the Fig. 
diameters of the faint rings, in the middle between 12. 


the bright ones; their ſquares, and conſequently 
the diſtances of the glaſſes there, appear to be in 
the arithmetical progreſſion of the even numbers, 
2, 4, 6, 8, 10, 12, &c. And from the known 
radius of the lower glaſs, the diameter of any ring 
may be computed, and conſequently the diſtance 
of the glaſſes in that place. And hence the diſtance 
of the glaſſes in the middle of the firſt dark ring, 


part of an inch. And 


was found to be 
89000 


half of it multiplied by 1, 3, 5, 7, &c. gives the 
diſtance of the glaſſes or the thickneſs of the in- 
cluded air, at the moſt luminous parts of all the 


bright rings, 77700 


178000 1780 17800 17800 
ehe thick- 
178000 178000 178000 

neſs at the darkeſt parts. ; 

Exp. 2. Wetting the objects with water; as the 
water crept in between them, the circular rings 
grew leſs. And by meaſuring their diameters, and 
trom thence 2 the diſtances of the glaſſes, 


theſe diſtances are found leſs than before in pro- 


portion as 3 to 4; that is, as the ſines of retrac- 
tion out of water into air. | 

Exp. 3. Viewing theſe rings of colours in a dark 
room, in homogeneal light, they become more diſ- 
tinct. And trying all the priſmatic colours ſucceſ- 
ſively, the red circles will appear to be bigger than 
the blue or violet. The diſtances of the glaſſes, 
at the red and violet circles, are as 144 to 9. Theſe 
rings were not now of various colours, but appear- 
ed only of that priſmatic colour, with which they 
were illuminated. And the light which fell on the 
deep ſpaces between the coloured rings, was tranf- 


mitted 


— — 
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cording to its various thickneſs, is di 


Fig. mitted thro the glaſſes without any variation of co. 

12. lour. From hence the origin of theſe rings is ma- 
nifeſt ; viz. That the air between the glaſſes, ac- 
ſpoſed in ſome 
places to reflect, and in others to tranſmit the light 


of any one colour; and in the ſame place, to re- 


fle& that of one, where it tranſmits that of another. 


The diameter of the 6th circle made by the yel- 
low was 54+ of an inch. C 

Exp. 4. If a little ſoap be agitated in water till 
it diſſolve, and a bubble of this water blown up, 
glaſs, to keep it from the air, 
You'll obſerve the bubble grow thin at the top, 
The bub- 
ble at laſt will grow ſo thin at top, as tp tranſmit 
the 


and covered with a 
by the continual deſcent of the water. 


the light and appear black. Then obſerving 


bubble by reflected light from the ſky, the black & 


ſpot will be encompaſſed with the ſame coloured 
circles, and in the ſame order, as in the firft expe- 


riment. As the water deſcends, and the bubble 
grows thinner, the rings continually grow bigger 


till the bubble burſts. 


If the bubble be viewed by light tranſmitted 
thro? it, all the colours will be contrary. Therefore 
it appears that altering the thickneſs of a very thin 
plate, the colour 1s altered, 

Exp. 5. Take very thin plates of iſinglaſs, 
talk, or muſcovy glaſs, that ſhow the colours; 
then by wetting theſe plates, the colours remain 
the ſame as 8 only they become more faint 
and languid, eſpecially when wet on the under ſide. 
Therefore the thickneſs of the plate to produce 
any colour, depends only on the denſity of the 


plate, and not on the denſity of the incloſing me- 1 


dium. But the colours are more vivid as their 
denſities are different. | 


Exp. 6. Two object glaſſes being laid on one 
another as in experiment 1. If a ſpectator looks 
obliquely 
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q he obliquely at them, the rihgs of colours will be in- Fig. 


creaſed in bigneſs. Hence the colour of ſome 


plates. will change by changing the poſition of the 
eye. . 8 3 
From all theſe experiments it is plain, that the 


Colours of bodies, depend upon the thickneſs and 
denſity of the particles that compoſe them. 


Cor. 1. Hence if the denſity or ſixe of the particles 


5 in the (He of a body be changed ; tbe colour is like» 


wi ſe changed. 


Cor. 2. When the thickneſs of the particles of a 


© body is ſuch, that one ſort of light or colour is refieti- 
Fed; another light or other colours will be tranſmit- 
ted. And therefore the body will appear of the firſt 
This appears by Exper. 1. where the tranſmit- 
red light is different from the reflected light. 


Cor. 3. The thickneſs of a plate of air, between 
two glaſſes, which refletis a deep yellow; muſt be 
I 3 5 | 1 
3 #178000 a 178000 80 17800 „ 
inch. And that of a plate of water between two 
glaſſes, will be ⁊ of it. 

This is plain by the 1ſt experiment, for the 
thickneſs of the plates of air; and by the 2d, for 
=thoſe of water. 


Cor. 4. The thickneſs of any plate refleting red, is 


For by Exp. 3. they were as 14+ to 9. 
Cor. g. Hence the thickneſs of a plate may be ſuch, 
bat it will reflect different colours. 

lf 7, v, be the thickneſſes of plates that reflect 
red and violet. Then (Cor. 4.) 12r and 19v will 
be thickneſſes of plates that reflect both. 
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Fig. Cor. 6. The parts of bodies and their pores, muſs 


not be leſs than a certain bigneſs to make * coloured. 
For if a particle be thinner than . part of 


585 
an inch, it can reflect no yellow (by Cor. 3.) and 
the like for others. In which caſes the gh will 
be tranſmitted, and the body be tranſparent. 


Cor. 7. The particles of bodies reflect rays of one 


colour, and tranſmit thoſe of another. And this is 


the ground of all their + 6.4 
This appears from experiment the firſt, 


Cor. 8. The bigneſs of the compounding particles 
of natural bodies may be conjectured by their «colours. 


We are let into this by Exp. 1. And from hence 


a table may be made of the ſeveral orders of co 


lours, to form our judgment by. Such a table 


you'll find in Sir J. Newton's Optics, pag. 206. 


Cor. 9. The cauſe of reflection, is not the imping- % 
ing of light on the ſolid parts of bodies. But it is 
done by à certain power, uniformly diffuſed over the 


whole ſurface of the reflecting body. 


For in paſſing of light out of glaſs into air, $ 


there is a reflexion as ſtrong as out of air into glals, WE. 
or ſtronger ; and far ſtronger out of glaſs into 


water. And air is not likely to have ſtronger re- 
flecting parts than water, or glaſs. And the re- 


flexion is as ſtrong or ſtronger 1 in vacuo. 


Again, if light paſling out of glaſs into air, fall * 
at a greater angle than 40 or 41 degrees, it is all E : 


reflected, if more perpendicular it is tranſmitted. 
Now 1t 1s not to be imagined, that light at one 
angle of incidence ſhould meet with pores enow to 
tranſmit it; and at another incidence little diffe- 
rent, ſhould meet with nothing but parts to re- 
flect it. 


Like- 
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Likewiſe in the paſſing of light out of glaſs into Fig. 


air; at a certain incidence the blue 1s reflected, and 
the red tranſmitted. 5 

Again, where the glaſſes touch, there is no ſen- 
ſible reflex1on. | | 

Likewiſe at particular thickneſs of plates, which 
are in arithmetic progreſſion, there is no reflection 
but a tranſmiſſion. | 

Laſtly the ſmall protuberances, left after poliſh- 
ing, being innumerable and infinitely ſmall ; would 
throw the light in all directions. All theſe things 
ſhew, that the reflexion is not cauſed by impinging. 


Cor. 10. Bodies reflect and refratt light by one and 
the ſame power. 

For when light goes out of glaſs into air, as ob- 
lique as it can; if its incidence be made more ob- 
lique, it is totally reflected. | | 

Again experience ſhews, that light is alternately 
reflected and tranſmitted, by thin plates of glaſs 
for many ſucceſſions, according to the thickneſs of 
the glaſs. - | 3 | 

Likewiſe thoſe bodies that have the greateſt re- 
2 power, reflect the greateſt quantity of 
light. 

ENO. MVV. 


Every ray of light in its paſſage thro' any refratt- 
ing ſurface, is put into a certain tranſient conſtitution 
or ſtate, which in the progreſs of the ray returns at 
equal intervals; and diſpoſes the ray at every return, 
to be tranſmitted, and between the returns to be re- 
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This is manifeſt by Exper. 1, 2, and 3d. By 
theſe experiments it appears, that one and the ſame 
ſort of 5 5 at equal angles of incidence, on any 
thin tranſparent plate, is alternately reflected _ 

2 tranſ- 
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LIGHT AND COLOURS. 


Fig. Cor. 6. The parts of bodies and their pores, muſt 


not be leſs than a certain bigneſs to make them coloured, 
For if a particle be thinner than ——— part of 


178000 
an inch, it can reflect no yellow (by Cor. 3.) and 
the like for others. In which caſes the light will 
be tranſmitted, and the body be tranſparent. 


Cor. 7. The particles of bodies reflect rays of one * 
colour, and tranſmit thoſe of another. And this is 


the ground of all their colours. | 
This appears from experiment the firſt, 


Cor. 8. The bigneſs of the compounding particles 


of natural bodies may be conjectured by their colours. 


We are let into this by Exp. 1. And from hence 
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a table may be made of the ſeveral orders of co 


lours, to form our judgment by. Such a table 


you'll find in Sir J. Newton's Optics, pag. 206. 


Cor. 9. The cauſe of refleftion, is not the imping- | f 
ing of hight on the ſolid parts of bodies. But it i, 


done by a certain power, uniformly diffuſed over the 
whole ſurface of the refletiing body. 

For in paſſing of light out of glaſs into air, 
there 1s a reflexion as ſtrong as out of air into glaſs, 
or ſtronger; and far ſtronger out of glaſs into 


water. And air is not likely to have ſtronger re- 
flecting parts than water, or glaſs. And the re- 


flexion is as ſtrong or ſtronger in vacuo. 

Again, if light paſſing out of glaſs into air, fall 
at a greater angle than 40 or 41 degrees, it is all 
reflected, 1f more perpendicular it 1s tranſmitted. 
Now 1t is not to be imagined, that light at one 
angle of incidence ſhould meet with pores enow to 
tranſmit it; and at another incidence little diffe- 


rent, ſhould meet with nothing but parts to re- 
flect it. 


Like- 
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„3 L. ikewiſe in the paſſing of light out of glaſs into Fig. 
4. air; at a certain incidence the blue is reflected, and 


of © the red tranſmitted. 2k 
Again, where the glaſſes touch, there is no ſen- 

id ſible reflexion. 8 | 

ill ** Likewiſe at particular thickneſs of plates, which 
care in arithmetic progreſſion, there is no reflection 
but a tranſmiſſion, | 

ne * Laſtly the ſmall protuberances, left after poliſh- 

is ing, being innumerable and infinitely ſmall ; would 
*Z throw the light in all directions. All theſe things 

ew, that the reflexion is not cauſed by impinging. 


Cor. 10. Bodies refleft and refraf# light by one and 
the ſame power. 

For when light goes out of glaſs into air, as ob- 
lique as it can; if its incidence be made more ob- 
lique, it is totally reflected. | h 

Again experience ſhews, that light is alternately 
reflected and tranſmitted, by thin plates of glaſs 
for many ſucceſſions, according to the thickneſs of 
the glaſs. - | IN 

Likewiſe thoſe bodies that have the greateſt re- 
2 power, reflect the greateſt quantity of 

ight. 


. 


Every ray of light in its paſſage thro' any refratt- 
ing ſurface, is put into a certain tranſient conſtitution 
or ſtate, which in the progreſs of the ray returns at 
equal intervals; and diſpoſes the ray at every return, 

to be tranſmitted, and between the returns to be re- 
fected by it. 


2 5 4 * * 
8 . 8 a 
- — Io MoS 2 1 2 iS » 4... 1 
2 O% 1 >. * þ TI. * 5 4 _ 9 — . p 1 $* > ge — 2 * 
4 Fu, I oa * 4 7 "44 8 * 2 7 Wo oy 3 = * 134 hee 7 e — , 4.4 1 p rg 9 
n * 4 . - Ga b & ö * ek af * oi N A l » 
— N 5 8 * f ; > 4 * 2 4 
" P E i Cn SR =. k | l 
„ » OO SES 3, Fr So. 6 | A *. a. 
* % * ne i , . * r 3 LY * X. PS. "Ker, Zo * 8 2 7 as - 7 = M 
>, : TS... . 3 A —. * 4 * 
4 1 * — 


This is manifeſt by Exper. 1, 2, and 3d. By 
theſe experiments it appears, that one and the ſame 
tort of rays at equal angles of incidence, on any 
thin tranſparent plate, is alternately reflected _ 

2 2 tranſ- 
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ſurfaces of the glaſs. 


fle# part of the light falling on them, and tran ſont 5 


fits of eaſy reflexion, and others in fits of eaſy tranſ- 


LIGHT avvd COLOURS. 


Fig. tranſmitted, according as the plate increaſes in pro- 4 7 
greſſion of the numbers o, 1, 2, 3, 4, &c. ſo that 7 


L 
: 


at the thickneſs 1, 2, 5, 7, &c. the rays are re- 


flected; and at the thickneſſes 2, 4, 6, 8, &c. they . 


are tranſmitted; and thereby make the rings of 
light. And this (by Exp. 5.) depends on both the 


Cor. 1. The reaſon why the ſurfaces of bodies re- 
the reſt, is becauſe ſome rays at their incidence, are in 


miſſion : calling the returns of theſe diſpoſitions of the © 
rays, the fits of eaſy reflexion or tranſmiſſion. —_ 

This appears from the ſeveral rings of colours, 
made by the object glaſſes; and far more of them 
are viſible thro a priſm, and always where the 7 
plates are of the thickneſs 1, 2, 3, 4, &c. ſo that 
they return in equal times. * 


Cor. 2. Thoſe ſurfaces which refra the rays mat 
ſtrongly in fits of eafy refraction; do reflect them moſt 
ſtrongly in fits of. eaſy reflexion. | a 

This follows from the foregoing, and Cor. 9 
and 10, of the laſt Prop. | 1 


Cor. 3. Eben regs of a deep yellow paſs perp. ou Bf 
of any medium into air; the interval of the fits of 7 
eaſy reflexion are the —— th part of an inch. Aud 

go00 5 
of the ſame length are the fits of eaſy tranſmiſſion, 

From Exp. 1. of Prop, XIII. 


1 
I 78000 


Cor. 4. When a plate is thinner than 


> 4 
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the rays are all tranſmitted. 3 
_— appears from the black ſpot, Ex. 1. Prop. 3 


Cor. 
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Cor. 5. The intervals of the fits are ſhorteſt in the Fig. 


| ; If moſt refrangible rays. 
By Exp.z. Prop. XIII. Lo 
Cor. 6. All bodies appear tranſparent, whoſe par- 
= ticles and pores are too ſmall to cauſe any reſterions. 


Cor. 5 The opacity of bodies ariſes from the mul- 


* titude of reflexions within them. 


= pores. 


Cor. 8. The parts of bodies on which their colours 
© depend, are denſer than the medium included in the 


For where the thin body is rarer than the am- 
bient medium, the obliquity of the rays cauſes the 


colour to change, ſo that at any obliquity all ſorts 


of rays will be reflected, which cauſe a whiteneſs: 
But if the thin body be much denſer, the colours 
are little changed by the obliquity, and fo the co- 


lour will appear. 


Cor. 9. The conſtituent parts of bodies are the 
= greateſt whoſe colours are moſt dilute. 
For then it indicates a higher order of the co- 


lours, as being more mixt, according to Exp. 1. 
Prop. XIII. where the farther you recede from the 
center, the more dilute and mixt theſe rings are. 
And a table may be made therefrom in order to 


judge by. Such a table you have in Sir J. New- 
ton's Optics, pag. 206. 

; 4 Cor. 10. A body becomes tranſparent, by filling the 
4 2707 of it, with a fluid of the ſame denſity with 
7 tſelf. | 5 | 
For all the parts being of equal denſity, there 


= can be no refraction within it, and therefore the 


rays will go ſtrait forward and paſs thro? it. 


Þ 2g: PROP. 


— 4 N 
Fn l — — 
- — * . 
. . * 2 * as 
- — — ů att as” ef a - — — 
_= 


38 LIGHT axv COLOURS. of 
Fig. 


FROEF:: AV: 


If a beam of light paſſes into any tranſparent body, 
as glaſs; part of it will be reflected at its going in, 
and the reſt tranſmitted to the further ſurface, where 
ſome is tranſmitted there, and ſome reflected back to 
the firſt ſurface. And ſo a quantity of light will le 
continually reflected back and forward within it, for & 
vaſt number of times till it be all loſt. Whilſt at 
every point of incidence there is à part tranſmitted 
into the air. 7 ; 

K 


Take a glaſs ſpeculum, ground concave on one 
ſide, and convex on the other, and quickſilvered 7 
on the convex ſide. And let a beam of light, 
coming thro? a ſmall hole in the window ſhut in a : 
dark room, fall upon the ſpeculum. Then hold a 
paper at the center of the glaſs, ſo that the beam 
of light may paſs thro' a little hole made in the 
middle of the paper, to the ſpeculum, and ſo be 
reflected back to the hole. Then you'll obſerve 7 
ſeveral concentric rings of colours round the hole; 
like theſe before in the object glaſſes by tranſmit- 
ted light. Theſe rings grow fainter as they grow 
larger. Meaſuring the diameters of theſe rings, 
they are in the ſame proportion as thoſe tranſmitted 
thro' object glaſſes. Viewing them with homoge- 7 
neal light, they appear more diſtin, and to a 

reater number. The red are the largeſt, the vio- 

et leaſt, and ſo in order. Placing the eye where 
the rings appear plaineſt; the ſpeculum will be 
ſeen tinged all over with waves of colours. From 
all theſe things, it is plain, theſe rings are made 
by the light reflected back and forwards within 
the glaſs; whilſt ſome, being in the fits of eaſy 
reflexion, and ſome in the fits of eaſy tranſmiſſion, 
cauſed theſe rings of colours. When the quick- 
ſilver 
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ſilver was rubbed off the glaſs, there would be the Fig. 
ſame rings but fainter ; and therefore the quick- 
ſilver only increaſes the light of the colours, by in- 

** creaſing the reflexion. A metal ſpeculum tried, 
produced no colours; and therefore the colours de- 
pend on both ſurfaces of the glaſs, and the thick- 

"> neſs between them. From what has been ſaid it 1s 
evident, that light undergoes many reflexions in 
*Z ſucceſſion within a body, and many refractions out 
of it for many viciſſitudes. 


Cor. 1. The outward ſurfaces of glaſſes not only 
"= reflet and refract incident light, in a regular man- 
ner; but ſcatters à part of it in all manner of di- 
Xx refions. 

That light is ſcattered from glaſſes in all direc- 
tions; is evident from this, that the glaſſes can be 
ſeen in all directions; and therefore the light re- 
fllected from them, enters the eye, let it be placed 
where it will. | 


Cor. 2. Hence the image of a candle may be ſeen in 
2 glaſs, repeated a great many times; till by the weak- 
*= neſs of the light it vaniſhes. 


. 


Bodies att upon light at ſmall diſtances, by attrac- 
tion and repulſion. 


Exper. 1. Make a hole with a pin in a thin piece 
of lead; and placing it in the hole of a window 
hut, let a beam of the ſun's light paſs thro? it, in- 
to a dark room. Then will the ſhadows of hairs, 
threads, pins, ſtraws, &c. be bigger than they 
would be, if the rays of light paſſed by them in 
right lines. And it 1s the ſame thing, whether the 
ſmall body be encompaſſed with air or water, &c. 
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LIGHT uv GOLOURS. 


The ſhadows of ſcratches in glaſs, and the veins in . 


it, are broader than they ought to be. 


Let X be a hair placed in. the beam; ADG, 


BEH, KNQ, LOR, rays of light paſſing by the 


ſides of it, bent at X, and falling upon the paper 
GQ. II, VS, the direct light. The light paſf- 
ing neareſt the hair, as at D and N, 1s the moſt 
bent, paſſing to G and Q the fartheſt aſunder; 
thoſe that are further off, as at E and O, are less 


bent; and ſo on, to TI and VS. Therefore the 


force acting upon the light is ſtrongeſt at the leaſt 


diſtance, making the ſhadow GQ; and weaker at 15 


greater diſtances. 


lours, reckoning 


ſun thro' a feather or black ribbon, held cloſe to 
the eye, ſeveral fringes of colours will appear. 


Exp. 3. Let the ſun ſhine thro' a hole, a quar- 


Exp. 2. The ſhadow of all ſorts of bodies are 
bordered with three parallel fringes of coloured 
light; the neareſt to the ſhadow, the brighteſt; 
and the furtheſt very faint. The order of the co- 
from the innermoſt, are violet, 
blue, green, yellow, red. So by looking on the _ ” 


ter of an inch broad; place a ſheet of paſteboard 


two or three feet off, blackt over on both ſides, 


and in the middle of it, a hole + of an inch ſquare, 


for the light to paſs thro*. Behind the paſteboard | 


faſten the blade of a knife very ſharp, to ſtop part 
of the light, going thro? the hole. The knife and 
| Wogan are parallel, and both perp. to the rays. 


et a part of the light, which paſſes by the knife 
edge, fall upon a white paper two or three feet 


diſtant; and there will be made two ſtreams of 


light; which will appear fairer, if the light paſſes 


thro' a hole in the paper, and fall on a black cloth 


behind it. One of theſe ſtreams ſubtends an angle 


of about twelve degrees; and is perp. to the edge ; 
of the knife. And placing ones eye in the ſtream, © 


a line of light will be ſeen upon the edge of the 
| knife; 


8 
9 
* 

” 


78 1 
9 9 


i 
x 
o 
A 
on 
i 


9 
— 
2 
_ 
-#& 
ia" bb 
92 4 „ 
ks 
= 
oy 
I 

* 
. 
wy 
£54 
N 

? 


* 
"> 


4 
„ E F 0 , n 
_ 1 5 S 2 TL * 
TAE © r K — 5 


T oO 

SI P 

. «a >. — 2 8 K - _ 
SEP 55 = 


et 
© 
84 


40 
Fig. The ſhadows of ſcratches in glaſs, and the veins in 


13. 


LIGHT axy COLOURS. 


it, are hroader than they ought to be. 
Let X be a hair placed in. the beam; ADG, 
BEH, KNQ, LOR, rays of light paſſing by the 
ſides of it, bent at X, and falling upon the paper 
GQ. TI, VS, the direct light. The light paſſ- 
ing neareſt the hair, as at D and N, is the moſt 
bent, paſſing to G and Q, the fartheſt aſunder; 
thoſe E pi: are further off, as at E and O, are leſs 
bent; and ſo on, to TI and VS. Therefore the 
force acting upon the light is ſtrongeſt at the leaſt 
diſtance, making the ſhadow GQ; and weaker at 
greater diſtances. | : | 
Exp. 2. The ſhadow of all ſorts of bodies are 
bordered with three parallel fringes of coloured 
light; the neareſt to the ſhadow, the brighteſt ; 


and the furtheſt very faint. The order of the co- 


lours, reckoning from the innermoſt, are violet, 
blue, green, yellow, red. So by looking on the 
ſun thro' a feather or black ribbon, held cloſe to 

the eye, ſeveral fringes of colours will appear. 
Exp. 3. Let the fun ſhine thro' a hole, a quar- 
ter of an inch broad ; place a ſheet of paſteboard 
two or three feet off, blackt over on both ſides, 
and in the middle of it, a hole + of an inch ſquare, 
for the light to paſs thro'. Behind the paſteboard 
faſten the blade of a knife very ſharp, to ſtop part 
of the light, going thro? the hole. The knife and 
122 are parallel, and both perp. to the rays. 
et a part of the light, which paſſes by the knife 
edge, fall upon a white paper two or three feet 
diſtant; and there will be made two ſtreams of 
light; which will appear fairer, if the light paſſes 
thro? a hole in the paper, and fall on a black cloth 
behind it. One of theſe ſtreams ſubtends an angle 
of about twelve degrees; and is perp. to the edge 
of the knife. And placing ones eye in the ſtream, 
a line of light will be ſeen upon the edge of * 
Knife; 
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X knife; and even when the eye is placed without Fig. 


Exp. J. Placing another knife, with its edge very 
near and parallel to the firſt. If they be diſtant 
the 400th part of an inch, the ſtream of light 
paſſing between them, will part in the middle, an 
leave a ſhadow between them, quite dark. As the 


4t 


knives approach the ſhadow grows broader, and 


the ſtream narrower at the -inner end. Hence the 


light that is leaſt bent goes to the inner end of the 
ſtream, and paſſes at the greateſt diſtance from the 
knives. And this diftance is about the 8ooth part 
of an inch, when the ſhadow begins firſt to appear; 
And the light which paſſes at diftances leſs and leſs, 
is more and more bent; and goes to that hand 
which is furtheſt from the direct light. A little 
before the ſhadow appears the fringes begin to ap- 
pear, on either ſide; and as the knives approach, 
they grow diſtincter and larger, till they vaniſh, 
the utmoſt firſt, and the reſt in order. 


Hence one may conclude, that the light of the 


firſt fringe paſſes by the knife, at a greater diſtance 


than the Sooth part of an inch, the ſecond at a 
greater diſtance, and the third greater ſtill. And 


the ſtreams of light at a leſs diſtance than any of 


the fringes. 

Exp. 5. Take two knives with ſtrait edges, 
and prick them into a board, fo as to make an 
angle with each other, and faſten them fo that the 
angle may be invariable; let the angle be near two 
degrees. Place theſe in a beam of light, in a dark 
room, about the 42d part of an inch broad; 10 or 
12 feet diſtant from the hole; and let the light 
paſſing between their edges, fall very obliquely upon 
a ſmooth white ruler, at r an inch or an inch diſtance. 
Then you'll fee the fringes made by the two edges 
of the knives, run along the edges of their ſha- 


dows, in lines parallel to theſe edges, without grow- 


ing 
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F ig; ing ſenſibly broader, till they meet in angles equal 


-a 


to that of the knives; and where they meet th 
end without croſſing. But when the ruler is held 
at a much greater diſtance, the fringes are narrower, 
the farther they are from the angular point, where 
they croſs, and then become much broader. 
_ Hence, the diſtances at which the fringes paſs 
by the knives, are not increaſed or altered by the 
approach of the knives. But the angles, in which 
the rays are bent, are much increaſed by that ap- 
proach. And the knife which is neareſt any ray, 
determines which way the ray ſhall be bent; and 
the other knife increaſes the bent. The diſtance 
of the edges of the knives (at the meeting of the 
dark lines between the firſt and ſecond fringes on 
each ſide) is the 160th part of an inch. Whence 
half the light paſſes by the edges of each knife, 
within the 320th part of an inch thereof, and fal- 
ling upon the paper makes the fringes of the ſha- 
dow of each knife. And the light which falls 
upon the paper where theſe dark lines meet, paſſes 
between the knives, where their edges are more 
than the 160th part of an inch diſtant. 
The light which makes the fringes is not the 
ſame light at all diſtances of the paper from the 
knives. But when the paper is held near the 
knives, the light (that makes the fringes) paſſes 
at a leſs diſtance from the knives, and is more 
bent, than when the paper is held at a greater 
diſtance. 3 
Exp. 6. If the paper be held at a great diſtance, 
perpendicular to the rays; the fringes of the ſha- 
dows will be in the form of hyperbolas, of which 
there will be ſix for the three fringes on each fide. 
In any one of theſe hyberbolas, one aſymptote is 
paralle] to the edge of one knife, and its other 
aſymptote, is a line drawn perp. to the line which 
biſects the angle, and paſſes thro' the point * 
| | that 
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=X paſſes thro' the angular point of the two knives. 
X "Therefore the angle of the aſymptotes of all the 
3 hyperbolas will be in that point, where a line drawn 
re from the ſun, thro? the angle of the knives, cuts 
the paper. And theſe angles will be all obtuſe ; 
ſs being greater than a right angle by half the angle 
ne of the knives. And the three hyperbolic fringes 
ch on one ſide are equal to theſe on the other. All 
X theſe may be found, by actually meaſuring the or- 
dinates, &c. and ſo proved to be hyperbolas. 

Exp. 7. Let the ſun ſhine thro* a ſmall hole 
made by a pin in a plate of lead; and place a 
priſm at the hole to refract the light, on the oppo- 
ſite wall. The ſhadows of all bodies held in the 
coloured light, are bordered with fringes of the 
colour of that light in which they are held; in 
the red they are red; in the blue, blue, &c. And 
the fringes made in the red light are largeſt, thoſe 
in the violet, leaſt; the green ones of a middle 
EX bigneſs. And they were ſo at all diſtances from 
the ſmall body, as a hair, &c. : 

So then the rays which made the fringes in the 
red light, paſſed by the hair at a greater diſtance, 
than thoſe which made the violet fringes. There- 
fore the hair in cauſing theſe fringes acted alike 
upon the red rays at a greater diſtance, as upon 
the violet at a leſs diſtance; and by theſe actions 
diſpoſed the red light into larger fringes, and the 
violet into ſmaller, and middle ones into a middle 
ſize, without changing the colours of the rays. 

When a hair is held in a white beam of the ſun's 
light (Exp. 1 and 2.) and caſts a ſhadow, which 
is bordered by three fringes of coloured light; 
theſe colours ariſe from the various inflexions, by 
which the rays are ſeparated, and being ſeparated, 
produce each its own colour. In this laſt experi- 
ment, where they are ſeparated before the light 


COINCS 


that direct ray of light cuts the paper, which ray Fig. 
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Fig · comes to the hair; the red or leaſt refrangible rays, 
were inflected at a greater diſtance, and the violet 
or moſt refrangible rays at a leſs diſtance, mak- 
ing three violet fringes at a leſs diftance, whilſt 
the red makes three red fringes at a greater diſ- 
tance; And the other mean rays were inflected at 
mean diſtances, making three fringes of their pro- 
per colours, at mean diſtances, from the ſhadow i 
of the hair. And in the white light, theſe colours 
are ſeparated by the various inflexions of the rays, 
and their fringes appear all together; and the in- 
nermoſt fringes being contiguous make one broad 
fringe, compoſed of all the colours in due order; 
the violet being next the ſhadow, and the red far- 
theſt off, and the reſt in their places. And in like 
manner the middlemoſt fringes compoſe one broad 
fringe, of all their colours; and the outmoſt fringes 
compoſe another broad fringe, like the reſt. And 
theſe are the three fringes of coloured light, with i 
which the ſhadows of all bodies are bordered, as 
in Exp. 2. : : 
From all theſe experiments it is obvious, that 
the rays of light are acted on by ſome force or 
other that turns them out of their direct road. 
And as this force bends the rays not into the ſha- 
dow of the body that acts upon them, but from the 
ſhadow ; in that reſpe& it muſt be a repulſive force, 
and (by Exp. 1.) is ſtrongeſt at the leaſt diſtance. 


Cor. 1. I is probable, that the rays of light in the 
points of contact with bodies, and extremely near it, 
are atied on by an atiraftive force. And at greater 
diſtances with a repulſive one. - 

For if the rays were ated on in all caſes and 
circumſtances by a repulſive force ; the light would 
all be expelled at once out of the luminous body. 
But it is more probable, that theſe particles of light 
are kept in the body by ſome attractive force; ew 

| they 
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ey be ſhaken off by the TR motion of the Fig. 
body, and thrown beyond the reach of attraction; 

WT the contrary power of repulſion then begins, and 
drives it away with amazing velocity. Light is 
= acted on enact by attraction, by revration in a 
denſe medium, 5 made towards the perpendi- 
„ Cor. 2. This power which 45 upon hight i is infi- 
== zitely ſtronger than the force of gravity. 

2 For the velocity of light being ſurpriſingly great, 
and the ſmall diftance the active force extends to, 
= makes the time of acting, ſmall beyond all com- 
prehenſion. And therefore in ſuch an infinitely 
mall time, the finite force of grayity would have 
no manner of effect. 


Cor. 3. The force of repu Non afing on light, de- 
= creaſes very faſt in regard to the diftance > /o that in 
a very ſmall ſpace it becomes nothing. 

The force of gravity as, as the ſquare of 
the diſtance. But this force being reduced to no- 


thing in a very ſtnall ſpace, ſhews that it decreaſes 
far faſter than in that ratio. 


Cor. 4. Hence bodies and light aft mutually upon 
one another; bodies, upon light by emitting, reflecting, 
refracting. and inflecting it. Aud light upon bodies, 
by beating them, and putting their parts into motion. 

For action and re- action are always equal and 
contrary. 


Cor. 5. Black bodies, grow hot ſooner by light 


than any other bodies ; and white bodics later. 
* For the light falling on them is not reflected, 
but enters the bodies; and by being often reflect- 
7 ed and refracted within it, excite a briſk motion 


among the internal parts of it. But white bodies 
reflect moſt of the light, and therefore are but lit- 
tle affected by it. 


PROF. 


LIGHT and COLOUR 8. 


PROP. XVII. I 


The motion of light is not inſtantaneous, but is per- 
formed in time; and ſpends about eight minutes in paſſ- 
ing from the ſun to the earth. | 1 


r nds. fed # dS IIA wid 


This is proved from the eclipſes of Jupiter's 
ſatellites; for when the earth is between the fun 
and Jupiter, theſe eclipſes happen about eight mi- 
nutes ſooner than they ought to do, by the rules of 
calculation. And when the earth is beyond the RF / 
fun, they happen eight minutes later than they x © 


ought to do. The reaſon is, the light has a leſs . 
diſtance to move over, from the ſatellites to the 
earth, in the firſt caſe, than in the ſecond, by the ... 
diameter of the earth's orbit. And therefore the I * 
radius of the earth's orbit requires eight minutes t 
of time for the light to paſs thro' it. M : 
Cor. It is very probable, that the rays of light are t 
extremely ſmall bodies, projected with incredible velo- 24 
city from the luminous body. | = DB: 
For, 1. It is the property of a body to move 
thro? - rang which are proportional to the times, by | t 
a uniform motion; and light does this. 2. It is { 
acted on by a body, when is is reflected, refracted, 
and inflected; and bodies can only act upon bodies. 
3. Light cannot be increaſed or diminiſhed. It © 
can only be increaſed in any place, by robbing o- 
ther places of its light; and it can only be dimi- WF * 
niſhed by conveying it to a different place. And f 
all this may be done with bodies. So that we can- 8 
not increaſe it in one place, but we muſt decreaſc 
it in another. 4. Light conſiſts of parts both ſuc- p 
ceſſive in the ſame lines, and contemporary in ſe- 71 


veral lines. For in the ſame place one may wp | 


that which comes one moment, and let that pa 
which 
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which comes the next moment. And at the ſame Fig. 


time, one may ſtop it in one place and let it paſs 
in another. Þ or that part of the light which is 
ſtopt, cannot be the ſame with that which is let 


pas. And all theſe properties agree with what we 
find in bodies. i 


PRO P. XVIEL 


F light enters into a denſe medium, and in its mo- 
tion in that medium, a part of it be loft, ſo that only 
the part p gets thro the ſpace a. Then the quantity 


of light which gets thro the ſpace na in the ſame con- 
tinued medium, will be ps. 


I take it for granted, that if any quantity. of 
light paſſes into a denſe medium, and in moving 
thro* the ſpace à loſes any part, as % thereof; if 
half the quantity of light enters it, it will loſe 2; 
of that half in the ſame ſpace; or if a quarter of 
the light enters it, it will loſe u of that quarter, 
and ſo on. Therefore there will always be a certain 
part of the incident light, get thro? equal ſpaces. 

Suppoſe then + the light, gets thro? the ſpace a; 
then of that, or 4 of 4 will get thro' the next 


ſpace a, that is, D will get thro' 24, and 2 of that 


3 | t 
or 5 will get thro? 3a; and ſo on. Therefore 4 


| 9 
of the entring light will get thro' the ſpace 24. 


And inſtead of +5 putting p, the quantity of light 
getting thro* the ſpace 7a, will be p", 


Cor 1. If 1—þ be the light 25 or deſtroyed in 
paſſing thro* the ſpace or depth a, 1—pn will be the 
light loſt in paſſing thro the depth na. 


Cor, 
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Fig. Cor. 2. The light tranſmitted at the depth ma, is 
to the light penn at the depth na, as p* 10 ff. il 
Cor. 3. The light 2 thro! the depth a, u 
fo the 1 l e 


the depth na, as i 11 i: 


Fi or. the lights tranſmitted are as p to p, that is, I 
as 1 to 2 or i; where z may be whole or it 


2 


PROP. XIX. 


The brightneſs of an obje 16 nearly the ſame, at | | | 
all diſtances of the eye from it. * 


For if the eye at any diſtance. receive any quan- g 


tity of light, at half that diſtanee it will . receive WY... 
four times the light, and the picture upon the re- 


tina will be four times as bi 75 whence the denſity 
or brightneſs continues the fame. 


Alſo at a third 


part of the diftance it receives nine times the light, 


and the picture in the eye will be nine times as BW. 
big; and therefore the denfity is ftill the ſame, IM 

Or in general at — of the diſtance, » times the i 
light comes into the eye, and the picture is » times 
as big, and the denſity the ſame as before, becauſe i 
z times the light is ſpread over # times the ſpace. 


PROP. XX. 


The proportion of moon light to day light, or the 


light of the ſun, at full moon, is as 1 to 96 thouſand, 
nearly. 


For the moon's radius is to the earth's radius 
as I to 3.65; and ſince the radius of the moon's 
orbit 1s 60 of the earth's radii; therefore the ra- 
dius of the moon's orbit, or its diſtance from the 
earth is 60 X 3.65 or 219 of the moon's radii. 

TD Now 
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to be equally illuminated; and that the whole ſur- 

face of the moon was thus equally illuminated, and 
the light reflected therefrom all around, ſo far as 
the ſurface of a ſphere paſſing thro* the earth, 
X deſcribed from the moon's center; then all this 
Night is ſpread upon this ſurface ; and conſequently 
its denſity will be leſs in the reciprocal proportion 
of theſe ſurfaces, or reciprocally as the ſquares of 

the diameters. That is, the denſity of the light at 

che moon (which is ſuppoſed the ſame with day- 
Wight) is to the denſity at the earth (reflected from 
che moon); as the ſquare of 219 to 1, or as 47961 
to 1. But ſince in reality, there is not ſo much 
light falls on the moon, being no more than what 
falls on her diſk, and her diſk being but half her he- 


e miſphere; the denſity of light at her ſurface, upon 
each hemiſphere will be but half as much. And 
/ it matters not whether any falls upon the oppoſite 


diſk or not, for (by the rule of proportion) that 
vould all be reflected to the oppoſite hemiſphere, 
and does not concern us, who are oppoſed to the 
full moon. Therefore it will now be, as day-light, 
to moon-light; ſo is 47961 to 2, or as 95922 to 1, 
Wor in round numbers as 96000 to 1, 


Cor. 1. Meon-light is to day-light; as half the 
uare of the moon's radius, to the ſquare of the moon's 
aiſtance, when ſhe is full. And in the quadratures, 
Ws + the ſquare of the moon's radius, to the ſquare of 
be moon's diſtance. | 
After the ſame manner may be found the light 
Wof any other celeſtial body, compared with day- 
Wight; let it be Venus. Let d = ſun's diſtance 
from the earth, 2 = Venus diſtance from the ſun, 
a = her diſtance from the earth, + = her radius. 
Then if Venus and: the earth were equally illumina- 
ted by the ſun, then 1s her light to day-light : : 

E | 2 r: 


Now ſuppoſe equal ſpaces at the earth and moon Fig. 
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Fig. 4rr : aa. But Venus being nearer the ſun, is more 


enlightned in the ratio of = to 1; therefore her 


light i is to day- light: 5; 0M 25 : aa: : 4 rrdd: 
vvaa. But ſince in her quadratures, d = a 2 
therefore, Venus's light is to day-light; as rr to 
vv. And that 1s as 1 to 804.000000, nearly, 
Hence, 
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Cor. 2. The light of Venus in her quadratures, u 
zo day-light ,, as 1 2 800 millions. 5 

This is ſuppoſing the radius of Venus, to her 5 
diſtance from the ſun, to be as 1 to 14200. = ( 


Cor. 3. Hence the light of the moon is 8000 tima 3 ] 
as great as the light of Venus. Suppoſing they both i 
of them reflect all the light that falls on them. . 
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pictures of objects by reflected light. 
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CAaTOPTRICS; OR REFLECTED 
VISION. 


EY — 2 — 2 — 
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DEFINITIONS, 


D E F. I. 


ATOPTRICS, treats about that part of Op- Fig; 
tics, which relates -to ſeeing, or making the 


DEF. II. 


A Speculum or Mirror is any poliſhed ſurface; 
commonly of glaſs or metal, which reflects the 
rays of light ; and may be either plain, concave, 
or convex. The glaſs ones are commonly quickſil- 
vered over on the backſide; to make the reflexion 
ſtronger. 


NI. 


Fa ray of light be reflected from a plain ſurface; 
the angle of reflexion will be equal to the angle of in- 
cidence. 


It is ſhewn in Prop. XVI. that the rays of light 
in being reflected or refracted, are acted on by the 
bodies they come near, by repelling or attracting 
them. And theſe forces, be what they will, muſt 
act in lines perpendicular to the ſurfaces of theſe 
bodys; and that force muſt be equal at equal diſ- 
tances from the reflecting or refracting ſurface, 


E 2 Let 
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Fig. Let AB be the incident ray, CD the reflected | 
| 14. one. RS the reflecting ſurface, PQRS the ite 9 
thin ſpace, within which the repulſive force of the 3 N 

body is contained, ABmCD the progreſs. of the 

ray. Draw an infinite number of lines parallel to 
PQ or RS, ſuch as ut, og. Then fince the repul- 
ſive force begins at B, it will continually bend or ñ 
inflect the ray, into the curve Bom, till it comes to 


ns — — ———ů̃ ͤ——ͤĩĩ 5 
. 


1 
its loweſt point m, where it will be parallel to the 4 
reflecting ſurface. Afterwards it will fecede from 1 
the plane SR, deſcribing the curve mgC. And 
ſince the forces are equal at the equal diſtances 
and 9, # and t, &c. therefore the particle of the a 
curve mg, will be equal and ſimilar to the particle 
om, and gt to on. And for the ſame reaſon, all 
the particles of the curve iC will be equal and 
ſimilar to the correſponding particles of the curve 
no; and therefore the whole 9C will be equal 
and fimilar to the whole nB. And conſequently 
the angles at C and B will be equal; and the angle 
of reflexion equal to the angle of incidence, being Ja 


their complements. ee 
TI 

Cor. 1 If a ray of light be reſſected from any poiti| 4 lin 
of a curve ſurface; the angle of reflexion is equal 1a 
zhe angle of incidence. its 
For it is the ſame thing as if it was reflected th 
from a plane touching the curve in that point. 3 ra 


Cor. 2. The ray of incidence and reflexion are 50% 7 | 
in a plane, perpendicular to the reſlecting ſurface, i: 
the point of incidence. 

For there is no force acting out of that plane. 


oy 
1 


Cor. 3. A ray of light falling perpendicular to an 
ſurface, is reflected back in the ſame perpendicular 
But moving parallel to it, will continue ſo. 
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SCHOLIUM. 


The curve BomgC deſcribed by the ray of light, 
is fo extremely ſmall, that it may be looked upon as 
Ja ſingle point. And therefore the points B and C 
may be ſuppoſed to coincide. 5 


PROP. II. 


Frays proceeding from a radiant point R fall upon 
1c a « refleing plane ſurface PL; the focus of the refieti- 
ed rays, will be at F, in the line RF perp. to the re- 
all FHedling ſurface; and as far on the other fide of it. 
nd 7 bat is PF = PR. BE 
== For ſince RPF is perp. to PL; let RS be any 
1al incident ray; and SO the reflected ray. Produce 
Os backward to F. Then (Prop. I.) <PSR = 
E LSO=PSF. Therefore in the right angled tri- 
angles PSR, PSF; all the angles are reſpectively 
equal, and PS. common; therefore RF equal PF. 
EET heretore the reflected ray SO proceeds from F, 
in in the perp. RF, ſo that PF = PR, And by the 
u ame reaſoning, if RN be any other incident ray, 
its reflected ray NH will proceed from F. And 
ted therefore F is the virtual focus of all the reflected 
rays, which therefore all diverge from F. 


50% Cor. 1. The diſtance of the focus F from the eye at 
„iO, is equal to the incident and reflected rays taken to- 
gether, OF = OS + SR. | - 

For OF = OS + SF = OS + SR. 


an ; Cor. 2. Rays converging to F, and reflected by the 


ular Plane PL, converge to R. 


e. 


Cor. 3. F rays proceeding from an objet at R be 
; reflected by the plane PL to an eye at O; the object 
Cai 5 | 


4 
* 


E 2 ; will 
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Cor. 4. If the reflected ray at O, return back thro Fig. 
XS OS, it will be reflected to R. | 18: 


15. 


54 


16. If rays proceeding from a radiant point R, fall up- 
17. an any point S of a reflefling ſpherical ſurface VS, 


ſphere. 


| Sk. then CR = SR, and conſequently CF = : 


© ATOP TICS. 


Fig. will appear to be placed at F, the focus of the reflett- 

15. ed rays, where they laſt diverged from. vj 

For we always judge an object to be in that place, 
from whence the rays proceed directly to the eye ; 


which here is from F. 


* 


ROF. II. 


and F be the focus of the reflected rays; it will be, 
SR:CR::SF: CF. C being the genter of the 


For (fg. 16.) the angle of reflexion CSF being 


equal to the angle of incidence CSR (Prop. I.); by 


therefore the angle RSF is biſected; and therefore 
(Geom. II. 25.) SR: SF:: CR: CF. | Th 

And (fg. 17.) draw. FA parallel to RS, and pro- 
duce CS to B; and if FSD be the reflected ray, 


then the angle FSA = BSD = (Prop. I.) BSR = MW 
SAF; therefore SF = AF. Then by the ſimilar 


triangles CRS and CFA, SR: CR : : AF or 
. ; 


— 


Cor. 1. F the radiating point R, and the focus 5 
F, be both on one fide the reflefiing ſurface. If the 
rays diverge from one, they converge to the other. 7% 


Cor. 2, If the radiating point R and focus F be 8 
on different hdes of the reflefing ſur face; if the rays 
arverge from one, they diverge from the other. But 


if they converge to one, they converge to the other, by if 
reflection. | 


Cor. 3. If R is at an infinite diſtance, then SF = i 
CF 4 


* 
"IQ 
Cor. 
* 
1 
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Cor. 4. FR is the radiant point; make the < Fig. 
RSC = CSE, or RSB = BSD, and draw SF, or 16. 


Ps, and F is the focus of the reſtected rays. 17. 


Cor. 5. The focus of rays proceeding from any ra- 
diant point R; is in the line RCV, joining the 


point R and the center. 


For taking Vs = VS, the focus is in the place 


where the rays meet, which are reflected from all 


points of the arch Ss. Let RS, Rs be two corre- 
ſpondent ones, then the angles SRF, RF, being 
equal, and alſo RSF and RsF; therefore SF, F 
will meet ſomewhere in the line RCV, at F. 


Cor. 5. A ſmall object placed in the center, cannot 
ze ſeen by reflexion. Or the eye placed in the center, 
can ſee nothing by reflexion. 

For all the reflected rays go alſo to the center. 


PROP. IV. 
If VA be a reflefting ſpherical ſurface, whoſe cen- 18. 
ter is C. And if a ray of light RA (or GA) pa- 
rallel to CV, fail upon A, and be reflected to F. Draw 
the tangent AT; then will TF = FC. 


For CAT being a right angle, and (Prop. I.) 
< CAF being = angle CAR; we ſhall have 
CAT = RAF + FAG 
2 >. 
and CAF = RAF f 


: 2 
then by ſubtraction FAT =FAG = TAG=ATF; 


2 
therefore TF = AF = FC, becauſe < CAF = 
CAR = ACE. 


Cor. 1. Hence FC, FA, FT, are all equal to one 


another. 


Cor, 2. The tangent AT þiſefs the angle FAG. 
E 4 Cor. 


56 CATOPTRICS: 
Fig. Cor. 2. If CQ = QV, then Qi is the focus of the 
18. rays falling on V, or the principal focus. | 


Cor. 4. And QF ( = half TV) is the ſpace on 


which all the rays fall that come from the whole ſur- 
face NV. 


39%. - Cor; 6. AV be any curve, and a ray of light 
RA (or GA) be refleficd into the line AH. If VL 
be drawn parallel to AR, and AL perp. to the curve 
at A. Then AH = HL. 

For produce AL to C, that AC may be the 
radius of curvature in A; draw CF parallel to VL, 
and produce AH to interfect it in F. Then F is 
the ' of the rays reflected by the circle, paſſing 
thro' A, and therefore of the portion of the curve 

at A that coincides with it. Therefore (Cor. 1.) 


CF = AF, and conſequently (by ſimilar tianghes) 
„ < AH. 


Cor. 6. When parallel rays fall on the ſurface of a 
ſphere, thoſe nearejt the vertex, have their focus near- 
eſt the center. | 

NO. 


20. Tf aVA be a ſmall portion of a ręſiecting ſpherical 
21. ſurface, C its center, V its vertex; R the radiant 
point, from or towards which the rays flow; F the 


un after reflexion at A. Then it wel be VR: VF 
CR: CF, zearhy, 


For (Prop. III.) If A be the point of incidence, 
it is AR: AF: : CR: CF. But the arch VA be- 
ing extremely ſmall, RR = VR, and AF = VF. 
very near. Therefore VR: VF: : ER: CF. 


Cor. The points R, F are conjugate foci to one a- 
nother; that ts, if R be the radiant point, F will be 
the focus; or if F be the radiant point, R will be the 

focus. Where I uſe radiant points in a 92 al ſenſe, 


for 


4 * 
6, 
* 
a t 
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User the point, which the rays either diverge from, or Fig, 
eonverge to, before reflexion. 


PROP. VI. 


If aVA be a ſmall portion of a refletting ſpherical 22. 
ſurface, whoſe center is C, and V its vertex. And 
if parallel rays, or thoſe from an infinite diſtance, as 
W RA or GA, fall upon it, and F be the focus of the 
reflected rays; then F is in the middle of the radius 
= VC, er VF = FC. 


| | — 
= For (by the laſt Prop.) VR: CR: : VF: CF. 
But becauſe R is infinitely diſtant, VR = CR, 
W therefore VF = CF. 


= Cor. 1. Rays diverging from F, the middle point 
= of tbe radius, or converging to F, and reflected by 
be ſpherical ſurface VA: will after reflection go pa- 
= 7 alle! to one another. | b 


Cor. 2. 4 Juminous body placed in F the middle 
Doint of the radius, will caſt a light to a great diſtance, 
= -»y refiexion from the concave ſurface. 


Cor. 3. The principal focus of a reflecting ſpheri- 
cal ſurface, is in the middle point of the radius at 


F. And the principal focal diſtance FV, is half the 


radius. 

2 NOF. VI. 

= Let Aa be a ſmall part of a reflecting ſpherical ſur- 
Jace; C the center, V the wertex, P the principal 
© /ocus, R the radiating point (or that which the rays 
diverge from, or converge to, before reflexion). And 


VF be the focus after reflexion, then will PR, PC 


or PV, and PF, be in continual proportion. 
e 
e For (fig. 23), ſince VF — PF = PF + FC, 


„ chereſore VF — FC = 2PF, Bur (Prop. V.) VR. 
; „ 2 


Fig.: VF :: CR: CF; by diviſion VR: VF: : VR - 


Fe 
. of. . 
5 Sz + 
WS 


CA DF ies 


23. CR (VC): VF —CF (2PF) ::2VP: 2PF :: VP: . 
24. PF. And again, by diviſion VR: VF: : VR — mw 


ant point, and of the focus, from the principal focus; 


VP (PR): VF —PF (VP). Therefore PR: VP 
IR. 1 £7 - 8 E 
And (fg. 24.) VR: VF: : CR — VR (CV or 
2VP): CFE — VF (2PF): : VP : PF. And by 
addition, VR: VF: : VR + VP (PR): VE+PF 
(VP.) Therefore PR: VP:: VP: PF. 5 


Cor. 1. F and R are conjugate foci to one another, I 2 
and lye always the ſame way from P. 5 
Cor. 2. The refangle of the diſtances of the radi- 


AL jenny 


is equal to \ the ſquare of the radius of the ſphere. 
FRYXEE- DVD. 4 
Cor. 3. The principal focal diſtance, is equal to the il 
redtangle of the diſtances, of the focus, and of the ra- 
diant point, from the vertex, divided by the ſum or 
difference of theſe diſtances ; according as F and R — 8 
| ö | — VR X Y 
on the fame or different fides of V. VP = vR+vEl 
For we had VR: VE:: PR: PV. And VR xPV Bi 
= VF PR = VFX VRT VP, and PVXVR + VF 
= VFX VX. A 


Cor. 4. If R be the radiant point, F its correſpon. 2 
dent focus; or R and F, conjugate foci ;- the diſtant 
of that focus F, from the principal focus P, or PF 

VF* 
VR + VE 


pas PE fon od. ed nt et a ot ome 


Ph a, cc tj 


: according as F and R are on the ſam 3 
or different ſides of V. : 
For PF =VF —VP =VvE _ YR xXVE MN. 
| VR +VF RB 25 
if 19G VRN VF 
VRaIVE © TROVE 
VE uf Pr 
Sci 
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erer, eee +" 
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Fig; 
| SCHOLIUM. 1 
The 3 laſt propoſitions lay the foundation of all 24. 


hs that is practicable in Optics, ſo far as reflected light 


is concerned. For no curve whatever is made uſe 


4 ; of to reflect the "rays of light, except the ſphere ; 
no method being yet found out to grind 1 


accurately into any other curve. And in uſing ſpheri- 
cal ſurfaces, a ſmall ſegment only is to be taken; be- 
cauſe the parts of the furface remote from the ver- 
tex, reflect the rays to different focus's; which are 


ſo much further from the principal focus, as the 


reflecting part is further from the vertex. And 
therefore if a large ſegment was uſed, the rays 
from any ſingle point of an obje&, could not be 
brought to a ſingle point in the focus, which would 
be attended with a deal of confuſion. 

The. following propoſition gives a general rule 
for determining the foci of all glaſſes univerſally 


whether convex or concave ; and whether the rays 


diverge or converge, and from whatever diſtances, 
finite or infinite, they proceed, 


PROP. VIII. Prob. | 
Let Aa be a ſmall portion of a refleing ſpherical 2 85 


ur face, C its center, R the radiating point. To find 


F the focus of the rays after reflexion. 
Put the diſkance VR d 
radius of the ſphere CV = r 
focal diſtance VF =. 


Then f = mT very near. Mbere, if the 


rays converge, or AV be concave, d erer will be ne- 
galive. ö 


For CR = 4d +x, and CF -. And (by 
Prop. V.) VR:VF::CR: CE; that is, N 
4 | 4 17 
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Fig. d Kr: T-. Whence dr — of = of + rf, and io, | 


23. „ 3 1 
224 rf; and reduce — . . 
Cor. 1. F d is infinite, or R is at an infinite di. . 

| tance, then r vaniſhes, and f Ar. . 


Cor. 2. F R is on the concave A d is negative, 8 * 
—dr ; 5 3 
and f = that is, f = And mort. 
1 over, if r is infinite, as in a plane ſurface, F = d. 


Cor. 3. If r is negative, or the reflecting ſurface | 


r . 2 
24=—T, a 


concave towards R, then f = 
* 


124 4 
Cor. 4. If AV is concave towards R, and d inf. 


wile, then r is negative, and f = 


= rr. 


| Cor. 5. If it is a plane ſurface, then r is infinite, i 
| . | : 
. And many other corollaries may be deduced. 


| SCHOLIUM. 


| It is eaſy to know whether the focus be real or vir- 
tual, by the direction and motion of the rays ; that 
15, by their converging or diverging after reflexion. 
From this general ſolution it is plain, that when 
the focal diſtance comes out affirmative, it is to be 
taken right forward; but if negative, it muſt be 
taken backward, from the vertex. be 
From this Prop. ſeveral other Problems may be ©© 
reſolved. As if it was required to know, what Ml ba 
muſt be the radius of a ſphere, to repreſent the JM le: 
given 


. 
W 7 — 

— - — = — 

— — 


- 
— 
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£ given object R, at the given focus F. Here r is Pig. 
cd be found from the equation f = =—_ multi- 25. 
| ; 5 ply by 24 +r and we have 24 + rf = dx, and 


1 2 fr — 24f, whence r = 2 , the radius of 
W the ſphere. From this equation, it is plain, that 
if 4 be greater than 7, the reflector will be con- 
vex towards the object. But if f be greater than 
A, r will come out negative, and the reflector will 
be concave to the object. If d be equal to /, 7 
comes out infinite, and in this caſe, the ſpeculum 
W muſt be a plane ſurface. 

Again, if it be required to find the diſtance of 
gan object R, from the given ſpeculum AV, to 
W have the focus at the given place F. Here we 


4 ; d 
} want to find d, mw the equation f = - T5: 3 by 
& multiplying, we have 24 + »f = dr, and tranſ- | 


= poſing, dr — 2df = rf, whence d = 2 Th the | 
r—2f | 


WT diſtance from a convex ſpeculum. But if the ſpe- 


culum be concave to the object, then 4 = rf 
1 r + of 


Hence in a convex ſpeculum if v be greater than ' 
W 2/, the object will be on the convex ſide. But if 
27 be greater than r, it will be on the concave ſide. | 
vi- And it r = 2f, the diſtance of the object will be 
that infinite; and F will be the focal diſtance of parallel 
„ rays. | 
hen BY _ The principal focus of a reflecting ſpherical ſur- 
» be face may alſo be found by experiments, as follows. | 
- be 1. For a concave reflector. Hold it directly | 
before the ſun, and hold a bit of paper before it 
y be do receive the reflected light. Move this paper 
what I back and forward till the white ſpot of light be the 
t the (I leaſt poſſible, and that is the focus. 


Or, 
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Fig. Or thus, cover it with paper having ſeveral pin 
25. holes made in it. Then hold a piece of paper 
before it, and you'll ſee ſo many white ſpots on it 
made by the light reflected thro* the pin holes, 
Move the paper back and forward, till they all co. 
incide, and there is the focus. = 

2. For a convex reflector. Cover it with paper, 
having two pin holes made in it on contrary ſides, 
Then expoſe it to the fun beams, and hold another 
paper before it, having a hole made in it ſo big a 

to let the ſun's rays paſs thro? to the two pin holes, 
Then you will ſee two white ſpots of reflected 
light on each ſide the hole. Move the paper back 
and forwards, till the diſtance of the ſpots be twice 

the diſtance c * the holes in the cover, firſt marked 
upon the paper. Then the diſtance of the paper 
from the lens is the principal focal diſtance. © M 


% 


PROP. IX. 7 


* 26, If rays flew from one focus Ref a ſpheroid or hyper- 5 : 
bolocid BA; they will be refleed by the curve ſurfaith 


( 
Z 
#nto the other focus F. '% 


* 
* 
- 
was 
"1 


= 

7A 
1 , 

v 


For (Conics, B. I. Prop. X.) the lines AR, A! 
drawn to the foci of an ellipſis, make equal angle , 
with the curve; and therefore the angle of ind f 
dence is equal to the angle of reflexion. And ti 
ſame is true of the hyperbola (ib. B. II. Prop. IX. 
therefore if RA be the incident ray, AF will e 
the reflected one. 1 


Cor. Hence F is the real focus in the ellipſis, 0 7 
only a virtual focus in the hyperbola. J 


aeg. 2 


p RO 
* 
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1 PROP: as 


1 be refletied by the ſurface thereof; they will all be re- 
eddted into F the focus of it. 


For (by Prop. VIII. Cor. 3. B. III. Conics), the 
line FA drawn to the focus, and RA parallel to the 
axis, make equal angles with the curve at A. 
Therefore if RA. be the incident ray, AF will be 
-4 SS the reflected one. 


Cor. Rays proceeding from the focus F, will be re- 


05 flected by the ſurface of the paraboloid, parallel to the 


axis. 


PROP. XI. 


] herever the rays, which come from all the points 

ef an object, meet again in ſo many other points, after 
bey have been made to converge by reflexion ; there 
bey 4vill make the pitture of the object upon a white 
Paper, or any white body. 


5 For if PR be any object, Aa a concave ſpecu- 
lm, the rays that diverge from any point Q. fall 
glei upon the ſpeculum Ag, and are reflected to their 

focus 3, where they all meet, and upon a white 
paper held there give g the image of Q. In like 
yg manner the light which diverges from P, will be 
reflected from the ſpeculum to their focus p. And 
all the light diverging from R, will be reflected to 
their focus 9. And thus from every point in the 
object, the light will be reflected to ſo many correſ- 
W pondent points in the focus; and will form there 
che picture pgr, of the object PQR, in its proper 
ſhape and colours ; but ſometimes the picture will 
be inverted; as in this figure, where. the upper 
end is downward, and the right to the left hand. 
4 Cor. 


If rays RA, parallel to the axis of a paraboloid BA, 27. 


28. 
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Fig. Cor. 1. The rays of light flowing from all tht 

28. points of an object PR, paint the image thereof pr in 
the real focus q; and it may be ſeen there hanging in 
the air, by an eye at O, placed at à proper diſtance, 
and ſituation to receive the rays coming from it. 


Cor. 2. The extreme point of the image, as r, ts 
determined by the extreme ray Rr drawn thro' the 


| center C. 
1 P R O P. XII. 


The image of a right line made by a reflefting plane 
ſurface, is alſo a right line. | 


29. Let AB be a reflecting plane, PR a right line, 
Q the middle point of it. Draw Pp, Q. Rr, 
perpendicular to the plane AB, cutting it in D, I, L. 
And make Dp = DP, Iq = IQ, and Lr = LR, 
then (Prop. II.) p, 9, r, will be the foci of P, Q, R; 
and pr the image of PR. Whence the figure 
DPQRL is ſimilar and equal to the figure DpgrL, 
by conſtruction. And therefore ſince PQR isa 
right line, pgr is alſo a right line. % 


d Cor. 1. Hence the image of a plain fignre, ſeen in > 

1 a reflecting plain ſurface, is alſo a plain figure, equal 

| and ſimilar to the figure itſelf. = 

4 For all the right lines drawn in it, are repreſen- 

ted by right lines, equal to thoſe in the expoſed 

[ll figure. And therefore the figure and its image 
are equal and ſimilar, | : 


30. Cor. 2. The image of any elject, made by an up- 

5 right reflefting plane, has its parts in a contrary po- 

„ ſition, the left fide being to the right, and the right 
|| to the left band; the difference being the ſame as tht 
ſeal, and its print on the wax. But in a horizontal 
refleter, the olject will appear upſide down ; the 
4 parts lying to either hand, remaining the ſame as in tht 
Ai e For 


N 
. 
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Poor if ABC be a perp, reflector; the object Fig. 
OR, making the image pgr, where P on the left 30. 
being neareſt the glaſs, will be repreſented by p 

W on the right hand, alſo neareſt the glaſs. But 

@ ſtanding at D and viewing the upright object PQR, 

in the reflector ABC, laid horizontally ; the loweſt 

point P, neareſt the glaſs, will be repreſented by 

the higheſt point p, alſo neareſt the glaſs ; whilſt | 
Rand r are on the right, and Q, q on the left. 


= Cor. 3. What bas been ſaid of the image of an ob- 
Le, is alſo true of the image of an image. 


Cor. 4. Changing the ſituation of the eye, does not 
at all change the ſituation of the image, it will al- 
ways appear in the ſame place, whilſt the object and 
reflector are fixt. SIE 


Cor. 5. When an objett is ſeen by a plain ſpeculum; 
its image appears as far behind the ſpeculum, as the ob- 
Jett is before it. | 


PROP. XII. 


„ ITT OOO OI 


nn 
En 


in If AVa be a ſpherical reflector, the objeft PQR an 31. 

a arch of a circle, having the ſame center C, its image 32. 
Dar, by reflexion, will alſo be an arch of a circle, ha- 

n. ving the ſame center C. And its image will be direct 

ed Bil or inverted, according as it is on the ſame or different 

ige de of the center C, with the objett. 
= Here is the focus of P, g of Q and 7 of R. 

Let e, F, g. be the principal foci, of the points 

uf A, V, a, of the reflecting ſurface. Then (Prop. VII.) 

P y we have FQ: C (FV: f4q,) in continual proportion, 

555 and gR: gC: gr; alſo eP: eC: ep, alſo in conti- 

3 nual proportion. But the two firſt terms are the 

RE lame in all, and therefore the laſt; that is fq = 


the gr =P. And ſince N = =>. te ſums or 
F remainders 
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Fig. remainders will be equal, C = C = /C, therefor} E 
31. 779 is the arch of a circle whole center is C. 4. 
32. And ſince the rays croſs at the center C, if the 

image be on the ſame fide of C as the object, i 
will be in the fame poſition ; but on different ſides}! ; 


in a different poſition. 


Cor. 1. The length of the object PR, is to th 
length of the image pr; as CP the objects diſtani| + 
from the center, is to Cp the diſtance of the image fro! _ 
the center. . | 4 


To 


| Cor. 2. On the contrary, if Par be a circular objes, 4 
its image PQR will alſo be a circular arch concentri 
with the object. [ 


Cor, 3. The image of a ſpherical ſurface, ſeen | 
reflex ion in a ſpherical refleftor parallel to it, will ap} 
pF /p berical ſurf ace, alſo parallel to it. 5 


PROP. . 


33. Fa right line be placed direftly before 4 conca! 
24. reflefor, its image will appear concave; but in a cu 
vex reflettor, the image will appear convex, 


To the center of the glaſs C, deſcribe the archs 
| PQR, pr; fo as pgr may be the image of PO 

And let the expoſed lines be OQ or og, tangents i 
ul the arches PQ, pg, in Q and g. Then if the ard 
v8 PQ be an object, the arch pg will be its imagt 
| Let e, f, g, be the principal foci to- the point 
A, V, a. Then (fg. 33.) we ſhall have (by Prof 
VII.) p: C: eP, and alſo e: C: eO, continui 
F ſuppoſing o the image of O. There 
ore ep X eP = eC* = eo Xx eO, whence ep : eo: 
eO: eP. And by diviſion ep: ep — eo (ep): : 0 
eO -e (OP), and alternately'ep : O:: : OP, 


— * _ * — — — — _— 
” | K — — 
. * 28 
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„ We — — — _—_— — — — — 
- 1 * 27 4s 9; a: 33 Te 4 259 1 
* ot. —„„ͤ„7ẽ“ . 7 * - 
* 


. n. CcATOPTRICS. 


675 


B © — _®_. But if qo be alſo a right line, the Fig. 
$4 OP 33" 


O 


figures pgo and PQO will be ſimilar ; whence 34. 


Cp v= * "nr Tb lob than &.; 
E would de = ß ut Jg i eſs an = 


for ſince ep: C:: C: eP, by diviſion ep: C:: C 


= —? (C): eP —eC (CP), therefore 12 = II. a 


But —— is greater than 45 therefore taking their 
| : | rs 
equals, 2 is greater than 45 or 55 leſs than 

Cp 


— Therefore og (the picture of O will not 


be a right line, but po will be leſs; and therefore 
eg will be concave towards C. 

On the contrary, if og (concave towards C) be 
the object, the right line OQ will be the picture. 
== But then a right line og being an object, will not 
= have the right line OQ for its picture. For as 0 


0 approaches e, O will go farther from P. And 


therefore OQ (the picture of the right line og) will 
be convex towards V, or concave the contrary way. 
So that when the image appears on the concave 
ſide of Aa, it is always convex towards Aa, or 
concave the contrary way, that is, towards the eye. 

Again, (fig. 34.) ſince pq is the image of PQ an 
object; if QO becomes an object, then as O goes 
further from A, its image will advance from 
towards e; and therefore the image of the right 
line OQ will be more curve than before, being con - 
vex towards AV, 

On the contrary, if the arch pg be an object, 
the arch PQ will be its image; and therefore if 
the line oq be an object, where o approaches nearer 
A, P (the image) will alſo approach nearer A, and 


the image will then be more concave towards V, 


F 2 .- 
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Fig 
33 
34 


35 


CATOPTRICS. 


or towards C. So that in all caſes, a concave re- 


flector makes the mage concave. 


Cor. 1. T, be image of a right line is more curve 
when ſeen beyond any refleor , than when ſeen nearer 
ta the eye, or on the ſame ſide. | 


Cor. 2. Any plane figure ſtanding diretly before a 
coucave refiefor, will appear concave; and before « 
CONVEX one, CONVEX, 


Cor. 2. The image of a Hort right line or Plane, 
is nearly a right line or plane figure. 


Cor. 4. A right line at the center of @ concave re- 
fleftor, will appear a right line. 


For then 2 D 
OP TP 


N 
The object and its image, ſubtend a angles at 


36. ihe vertex 2 the refleftor : PVR = pVr. 


Let PR be an object, pr its image. Thro' the . 


center C, draw QCV perp. to PR. Draw VP, 
Vil, Vp, Vr, and PpA, Rra, paſſing thro' C. 
Then (Prop. V.) VQ: Vg: : QC: C:: (ſimilar 
triangles) P 2g. And ſince the angles at Q 
and q are right, the angle PVQ = pVq. In like 
manner RVQ = rVq; kth R 2 pvr. 


Cor. Hence the object and its image are equal i. 
one another, where hey m meet together. 


p RO. 
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| | Fig. 
FADOF AVE. - 32 : 
The linear magnitude or diameter of the objet PR, . 
is to the magnitude of the image pr; as the diſtance 
of the objeft from the vertex of the glaſs VQ, to the 
diſtance of the image from it v. 


For (laſt Prop.) the angles PVR and pVr being 
equal, and the triangles PVR and pVr ſimilar, we 
have PR: pr: : VQ: Vg. 


Cor. 1. The diameters or linear magnitudes of the 

ebe and image; are as their diſtances from the center 

= of the reſtector. PR :pr:: CQ: Cg. | 
For PR: pr: : VQ: Vq:: (Prop. V.) CQ: Cg. 


Cor. 2. If f be the principal focus; then the dia- 
= meter or linear magnitude of the object, to that of the 
image; is as the principal focal diſtance, to the diſtance 
= of the image from the principal focus; or as the diſ- 
Lance of the object from the principal focus, to the 
principal focal diſtance. | 


che For we had PR :pr::VQ: Vg: : CQ: C:: 'l 

PE, V- C (or CQ — VQ) N. — C (or Cq — | L 

8 Ve) :: CV: 2½ :: V: I:: Q: FV. £ | 
: ; 

0 Cor. 3. Hence alſo it follows, that à convex re- 


fedor leſſens an object. 


Cor. 4. Alſo à concave reflector leſſens an object, 


when it is farther from the glaſs than the radius of 
be reflector. 


Cor. 5. But a concave reflector magnifies an object, 


ben it is nearer to it, than the radius of the reflector; 
d then onh. 


— — — = 
— IE 


QP. 


Cor. 6. The image pr is always terminated at p, 
WP) tbe extreme ray PA, which paſſes thro the center 


[ F 3 C 


7 oo 
Fig. C of the reflector. And if the object be at an immenſe 
35. diſtance, it is terminated by the radius CA, drawn 
36. parallel to the extreme ray PV, at the vertex. 


| concave fide, to have the image magnified. In like 


CATOPTRICS. 


For when the object is infinitely diſtant, PV and 
PCA are parallel. | 8 


SCHOLIUM-. 


If it be required to find the place of an object, 
that its diameter ſhall be to the diameter of the 
image, in the given ratio of m to 1. It is eaſily 
done by the VIIIth W For ſince d: F:: m: 1, 

r 


therefore 2 = 72 — n 2dr = mr, E 


and 2d = mr r, therefore d = 


2} —— | 


, for a 


2 
convex ſpeculum; in which caſe m is always greater 
than 1. But if m be leſs than 1, then d comes out 
negative; that is, the object muſt be always on the 


manner, any two, d, r, or yz being given, the third 
may be found, - i 
PROP, XVI 


As the diſtance of the object from the principal focus 3 
of a reflector, is to its diſtance from the reflector; jo 
the principal focal diſtance, to the diſtance of the image 
from the reflettor. HQ: VQ : : C: Vg. | 


For F being the principal focus, we have (by 
Prop. XVI.) VQ : Vq: : PR: pr. And (by Cor. 2. 
Prop. XVI.) PR:pr::/Q:FfV; cherefhes FQ: ll 
FV or fC::VQ: Vg. | a 

Cor. F the object and image be equidiſtant from tht 
reſtector; they will coincide either in the center or ve. 
tex of the reflector, and become equal. ; 

For if VQ = Vq, then fQ = fC or FV, and QB 
falls upon C, or elſe upon V; and then 12 2 | 


EATOPTRICS. 


PR OP. XVIII. 
Thi a convex ſpeculum, the image altvays appears 


=_ /peculum. And ſo it does in a concave, when the ob- 
eis between the glaſs and the principal focus. But 
in a concave ſpeculum, when the object is further from 
„it than the principal focus, the image is on the ſame 
; Jae the glaſs, and inverted in every reſpef. 


„Por g. 36, let RP be placed where it will be- 
7, fore the convex aA, its image 7p will be on the 

= contrary fide. And. if rp be an object, its image 
RP will be on the contrary ſide, till y comes to 7, 
and then RP will be infinitely diſtant. But when 
it is between F and C (fig. 35.) as at , the image 


ut RP is on the ſame ſide. Or if RP be the object, 
he then the image 7p is on the ſame ſide, but inverted ; 
ke becauſe the object and image are on different ſides 


of the center, where the rays croſs. And if the 
object PR be moved to an infinite diſtance, the 


image pr will be moved to f, ſtill on the ſame fide 
of the glaſs. 


%  Zhey either both approach to it, or both fly from it. 
rage And if the ſpeculum be between them, they either both 
= approach the ſpeculum, or both fly from it. 
= For (fg. 25.) when C is between 00 q, the 
(by WW greater CQ is, the greater is Cq. And (fig. 36.) 
r. 2. when Vis between them, the greater VQ 1s, the 
fQ.: greater is Vg. 


Cor. 2. As an objeł moves from the glaſs on the 
convex fide to an infinite diſtance, its image moves from 
the glaſs to the principal focus. And as the object 


the center, the image moves from the principal focus 


erell and on the other fide of the glaſs, as in a plain 


Cor. 1. If the center is between the object and image, 


moves from an infinite diſtance on the concave fide, to 


F 4 tt 


— — — — — 


- ” — 
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— 
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Fig. 
35. the object moves from the center io the principal focus; 
36. 


fedes of the center. 


CATOPTRICS. 
to the center alſo, where they meet. And further, if 


the image moves from the center, the contrary way, 
to an inſiuite diſtance. And as the object moves from 
the principal focus to the vertex, the image moves from 
an infinite diſtance on the convex ſide to the vertex alſo, 
where they meet again. 

For (fig. 36.) whilſt the object moves thro' VQ, 
the image moves thro* Vq to F. And (fig. 35.) 
whilſt the object moves thro' QC, the image moves 
thro' C. Alſo whilſt the object moves thro Cf, the 
image moves thro* CQ to an infinite diſtance ; and 
(fig. 36.) whilſt the object moves thro* FV, the 
image moves from an infinite diſtance. thro' QV. 


Cor. 3. Tho* the object be removed to an infinite 
diſtance, from a convex glaſs, yet the image will only 
recede to the diſtance of half the radius, and will there 


remain. 


Cor. 4. The image is upright or inverted, according 
as the image and objett are on the ſame or different 


on » LS = . — . 
* 4 * 1 5 3 4 ky 
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To ſee the image of an object made by any ſpherical 
ſpeculum; the eye muſt be placed in the diverging rays, 
at a proper diſtance for diſtint# viſion, and facing the 


image. | ; 
For to ſee the image, one muſt look at it, as. 


77777 % EO TS ELLIS 


one would do at any vilible object. And therefore 


in order to be ſeen, the rays muſt diverge from it 
to the eye placed at a proper diſtance. Thus to |M® 
ſee the image pr (fg. 35.) reflected from the con- 
cave ſpeculum Aa, the eye muſt be placed ſome- 
where in the line 30. But if PR was the image 
(of the object pr), the eye muſt be placed beyond 
Q. Again (fg. 36.) to ſee the image 7g, in 
| by 


u. CATOPTRICS. 


* 


4 
* 


focus Q being only a virtual focus, to which the 
rays only tend to, but never reach. | 


= Cor. 1. If the eye be placed near the ſpeculum, in 
hb: converging rays, before they reach the image; it 
will perceive the image {of the object) beyond the glaſs, 
at the ſame diſtance nearly as the object is before it; 
and of the ſame magnitude. 

For the eye being near the glaſs, that ſmall part 
Hof it which reflects rays to the eye, may be taken 
for a plane, and therefore the image will appear, 


CY —— TH Ei. 


e as in a plane ſpeculum, at the diſtance of the ob- 
ly Wet behind it. But the rays that come to the * 
2 placed beyond the image, do not fall upon the 


eye in the ſame manner; for they all diverge from 
points very near the eye. 


Cor. 2. F an image be looked at, with both eyes 
placed very near it, and in the diverging rays; (or 
elſe it cannot be ſeen at all) ; it will appear double. 
For the axes of the eyes cannot both be directed 
to an object extremely near; and the caſe is the 
ſame in all objects near hand, as well as this image. 


g 


nk 


a On 8 


Cor. 3. Thou an eye cannot ſee an image in the air, 
except it be placed in the diverging rays; yet if that 
W:mage be received on a white paper, it may be ſeen in 


we a poſition of the eye. 

it Por the rays reflected from the glaſs, to the image 
to and beyond it, flow but in that one direction. But 
on- hen the image is received on a white paper, the 
ne- Paper reflects them in all directions, wherever the 
age ebe is placed. 

ond Cor. 4. F the eye be moved whilſt it views the i- 


nage, the image will appear to be moved. 


For 


yy the convex ſpeculum Aa, the eye muſt be Fig. 
15 placed without the glaſs in the line VQ, But if 1p is 35. 
Wn object, and RP its image, then the eye muſt be 36- 
placed in the line VC, on the concave fide, The 


* 
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Cor. If the object be nearer than the principi 
focus, its apparent magnitude grows leſs in gouf 
from the ſpeculum. If it be further off, it encreaſes. 


F ar al 


9 


Fig. For rays from different points of the ſpherici 
35. refleftor, will come ſueceſſively to the eye. 
36. 5 
Li PROP. XX. 1 
| 35. F an objet rp be placed in the principal focus of | 1 
11K concave refiefor ; its apparent magnitude to the cy, 
BY at am place whatever as O, will be invariably the 
iN fame; and equal to the apparent magnitude to th 
1 naked che, toben ſeen from C the center of the b. 
| 0 culum. | 
if | | BE: © 
] ö Here RP the image will be at an infinite diſtance, Ml 
W | And (by Cor. 1 and 3, Prop. VI.) all the rays of 
0 the pencil TBV will be reflected parallel to one ano. 
| | ther, and to the axis C paſling thro? the center of 
1 the ſpeculum; and therefore the angle VOB, whici | 
"a is the apparent magnitude of the image to the ey 
l jj at O, is equal to the angle VCa or VCr, which äh. 
1 the apparent magnitude of 7% to an eye at CM 
a | And this is ſo, wherever O is, or the place of the 
1 eye. | + 
1 | Cor. 1. Hence the apparent magnitude of a bud g 0 
ol! Pulüaced in the principal focus, will always continue th 
Wo ſame, however the eye is moved backward or forwaWf, 
Kt from the refletor. 9 i. 
[ 1 Cor. 2. The nearer the eye is to the ſpeculum, i 
| | 1 26. of the object appears; and the further off, i 
mn §. „ 
| | 9 For rays parallel to Cr or BO, that lye beyond ; p 
hs | O (in reſpect to C), cut the reflector in points be. 
11/8 yond B, and at laſt will miſs the reflector, and V 
| "uſt then the point » cannot be ſeen there. E 
| 
| 


o 
bad 'f. 
*& * * 4 


> 
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ooint beyond the ſpeculum), makes the angle BOC 
ess than Cz. Bur if che object is further off, 
Than the principal focus, the image is on the ſame 
ade; and then the rays converging to a point be- 
ond O, makes the angle BOV greater than Cg. 


SCHOLIUM. 


Some other phœnomena of concave reflectors, 
are theſe that follow.” . 

1. The apparent magnitude of an object will 
be invariable, wherever it is placed, when the eye 
Wis at the principal focus. 


* 2. When the eye is fixt at a leſs diſtance than 
iche | ow focus; as the object is moved from 
ee che ſpeculum, the apparent magnitude decreaſes. 

5 = 3. When the eye is fixt at a greater diſtance; 
che apparent magnitude of an object in going from 


the ſpeculum increaſes, till it comes to the conju- 
gate focus (of the place of the eye), and then it 
is infinite, and all confuſion. And afterwards it 
diminiſhes again, and is inverted. 

4. A man's face in a reflecting concave, in going 
from it, decreaſes to the principal focus, and then 


increaſes. 


W The brightneſs of the image pr formed by the re- 
ecling concave AB, from the luminous object PR, is as 


s be. | T7 or as the area of the lens direfly, and the ſquare 


oof the diſtance of the image reciprocally. 


For if the brightneſs of the object be given, the 
quantity of light reflected from the ſpeculum to 
the image, will be as the magnitude of the object 
and of the reflector directly, and the ſquare of the 

diſtance 


For if the object be nearer, the image is beyond Fig. 
ae ſpeculum, and then OB, Cr (converging to a 35, 


35+ 
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Fig. diſtance reciprocally, Whence the light falling on | 
35* the image is as PR* x AB* iiſo the aan > 


3 
the light, or the brightneſs of the image is 23 
the quantity of light directly, and the area of the 
3 But ſince 
QV* x pr "ROE 
PR, pr are parallel, and (Prop. XV.) the angle 
PVR = pVr, &c. PR : pr:: QV: qV, and 
oy = 805 . Therefore the brightneſs of the 
7 
image u „ 
qV* xpri qV* 
Cor. 1. If the brightneſs of the object be increaſed 
in any ratio, which call B; the brightneſs of the image 
; AB* 
will then be as B. 
*. 


Cor. 2. In very remote objefts, if f be the printi- 


pal focal diſtance ;, then the brighineſs of the imagt 
AB? 
B. 


For then Vg becomes equal to f. 


image reciprocally, or as 


will be as 


Cor. 3. The brightneſs of the image increaſes at 
the area of the glaſs increaſes ; but its diſtintineſs de- 
creaſes upon that account. 

For the rays further from the vertex are reflected 
to different points of the axis, as appears from the 
different proportions in Prop. III. and V. 
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PRO P. XXII. 


If a concave ſpeculum Aa be held direBly to the ray 
„/ the ſun; and any combuſtible body be held in the 
Principal focus f, it will be fired by the beat thereof. 


= For all the rays of the ſun are reflected into the 
focus, forming there, by reflexion, the image of 
che fun. Which image muſt be of an intenſe heat, 
Wbecauſe all the rays that fall upon the ſpeculum, are 
Wbrought thither. And the broader the ſpeculum 
Ws, the more rays are contained in that ſmall ſpace; 
and may be fo increaſed by the breadth of the glaſs, 
Was to burn or melt all ſorts of bodies placed there ; 
Was is plain from numerous experiments. 


= Cor. 1. The heat generated in the focus of the glaſs, 
to the ſun's direct heat; as the area of the glaſs, 
to the area of the image in the focus. | 
= For the rays that fell upon the glaſs are all 
brought into that ſpace, where their denſity is re- 
Neiprocally as the areas they are contained in. 


Cor. 2. The degrees of heat in different reflectors, 
are as the ſquares of the diameters direftly, and the 
W/quares of the focal diſtances reciprocally. 
= For the denſity of the rays in each, are in that 
Wproportion. 


SCHOLIUM. 


= Upon account of the rays meeting in that point, 
Wand burning bodies therein, it is called the focus or 
Vurning point; and the reflector itſelf a burning con- 
cave. For a reflector to burn the moſt intenſly, ſee 
Schol. Prob. V. B. IV. 


Fig. 


CATOPTRICS. 


PROP. XXIII. 


37. parallel rays RA, CV, are refleted from à con- 
; ' Cave (or convex) ſpherical ſurface Aa, of a fmall 
hight VP. Let F be the focus of the extreme ray AF, 
Q the principal focus. Then the aberration of the 
rays, in the length of the axis VC, is equal to half 
the hight of the ſegment, QF = VP, nearly. 


For draw the tangent AT. Then by the nature 
of the circle CP: CV : : CV: CI. And dividing, 
CP: CV: : CV — CP (VP) : CT — CV (TV). 
But VP being very ſmall, CP is = CY nearly, 
therefore VP = VT. But (Prop. IV.) TF = FC, 
or CF =+ CT. And (Prop.. VI.) VQ = QC, 
or CQ = CV. Therefore CF — CQ or FQ = i 
. But (Cor. 4. Prop. 


2 2 2 
IV.) QF is the ſpace on which all the rays fall 
that come from the whole ſurface Aa, that 1s, QF 
is the aberration of the rays in length ; therefore 
VP is equal to that aberration. | 


Cor. 1. The aberration QF ATV exatth. 


By 

EN, 3 AV* 

Cor. 2. The aberration QF = e nearh. 
6 4 2 and 

For VP = LEY and VP = "VR" 

2VC | 4VC Ag: 
Cor. 3. The lateral aberration at the principal foru and 
Tz 5 nearly. by 
| the 


For the triangles APF, DQF are ſimilar, whence 


PF: PA:: FQ: OD chat is, : AV 31 but; 
8 of QD = Yor nearly; becauſe AV is ver MW the 
CV 2 0 Z ; 


Cor, 


4 
ſmall. 
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Cor. 4. The radius of the ſphere being given; the Fig. 
aberrations in length, are as the ſquares of the dia- 37. 
meters; and the lateral aberrations, as the cubes of the 
diameters of the reflefors. 


PROP. XXIV. 
If parallel rays RA, SG, are refleed from a con- 38. 
cave (or convex) ſpherical ſurface Aa; the diameter 


of the leaſt circle of aberration of the rays, 1s + the 
aberration made at the principal focus. BI OD. 


Let any reflected ray GB cut the axis in L, and 
the extreme ray AF in B. Draw BI perp. to VQ, 
Q being the principal focus. Then ſuppoſing the 
ray AFD to be fixed; as the point of incidence G 
moves from the vertex V, the perpendicular Bl, 
will firſt increaſe, becauſe the angle VLG continu- 
ally increaſes; and afterwards it will decreaſe, be- 
cauſe the line FL continually decreaſes. And when 
W BI is the greateſt, it is plain, all the rays, on the 
fame ſide, will paſs thro? it; and then the circular 
ſection of all the rays, in that place I, will be the 
leaſt ſection poſſible. To find the point I, or the 
radius BI. 1 555 
By ſimilar triangles, LI: BI:: LP or FP: PH, 

and BI: FI:: AFP: PF.- 
and ex equòd LI: F:: AP: PH. 
and compounding LI ＋ FI (FL): FI: : AP+PH 
(AH): PH. 
Again QF: QL: : AP* : PH* (by Cor. 4. Prop. 23.) 
and by diviſion, QF : QF — QL (FL) :: AP*: AFP* 
— PH* (AH x Ha). 
but we had FL: FI AFL P$b 
therefore QF: FI : : APA IAH: PHxAHxHa. 
or QF: FI: : AP* : PHxHa. 
but we had FI: BI:: FP AF 
therefore QF: BI:: AP*xXFP : APxPHxHa 
or QF: BI:: APxFP: PH Ha. 
— aur... - 


30 


Fig. 
38. greateſt when PH Xx Ha is the greateſt, that is, 


CATOPTRICS. 
But QF, AP, FP are given; therefore BI is the 


when PH = Ha, = AP, and then PH x Ha = 
zLAP*. And ſince AP*: PH x Ha ( = AP*):: 
QF: FI (FO, and conſequently BI = ;QD. i 

Cor. 1. If R be the radius of the reflector, B = if 
half its breadth , then the diameter of the leaſt circl i 
of aberrations cauſed by the figure of the ſpherical i 


reflector, will be NR. 


| VA B: lf 
F C . . P = * D — — — —— — A 
For (Cor. 3. Prop 1 Q = RR Alk . 
d BI, g D — | 
and 2 or iQ RR 


Cor. 2. The diſftence. Fl of the leaf circle of ale 
rations from F the focus of the extreme ray, is + FO 
or + the diſtance from the principal focus. : 


Cor. 2. If this circle of aberrations be ſet in an : 
other place, all the rays will not paſs thro it. : 


Cor. 4. And therefore the circular ſeftion cuttin 
all the rays, will be greater at any other place, Be 


Cor. 5. The area of the circle of aberrations, ii ; 
to the area of the glaſs; as VA. to 64R4*. R bein 
the radius of concavity. ; 


For the area of the glaſs, is to the area of the fall 
circle; as VA“ to BI}, or as VA“ to 1 or CR 
. | 8 4 
64R+ to B+, B being = VA. | oe 
ax, 
PROP. 
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PROP. XXV. 


Let R be the radiant point, F the focus of the rays 
falling at A, f the focus of thoſe falling at V. C the 
center of the refleor. Then will FL — _ = . 
and C = 1 2 25 => And the aberration in 1 
is = FC -C. 


Let radius CA or CV =r, AR S a, CR =4, 
AF = z, FC = y, Then (Geom. II. 25.) a: d:: 


2 :, and dz = ay, andz = - Alſo (Geom. IT. 


; ds ue TEES TID . . ETD py 


26.) rr + dy = az, and 2 — ＋. 
TWhence drr . ddy = aay, and aa — ad xy = drr, 
K 3 | 

£ and y 9 14 4d | 


= Again (Prop. V.) VR (r +4): Vf (x —fC©):: 
= CR (d): Cf. And by compoſition, r + 24:4: : 


os — - 
0 * 2 TIT And the e = 27 
5 = ar 
= r+2d. 


Cor. 1. On the contrary, if F be the radiant point, 
WR the focus of rays falling on A, r the focus of rays 
Falling on V; C the center of the „ Then will 
FEN CAA F x CA 
3 = , 

wm A 2 VC—2CF — 
be aberration Ry = Cr — CR. 

For from the equations dz = ay, and rr + dy = 


4 4 
wk. YT. 2 
9 Z 


dy. = 
). Whence d or CR = = — 5 


8 A gain 


81 
Fig. 


39. 


„and dz = rry + 
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Fig. Again (Prop. V.) FV (r —y): FC ($9) : : VF 
39. (r + Cr): Cr. By diviſion, r—2y:y9::r:Crs 


7 2 
5 Therefore Cr — CR D 2 


Cor. 2. F R and F are conjugate foci, for ran 
falling at A; then R and f, alſor and F, will & 
conjugate foci for rays near the axis at V. And f and ii 
7, will be further from the vertex than Fand R. 

That 74 and r are further from the vertex, will 
appear thus. AC + CR is greater than AR; that 
is, VC + CRor r + is greater than a, and rr 4 
27d + dd greater than as, and rr + 2rd greater | 

h | drr > b 
than aa — dd. "FE ence ——7, is greater than 4 

drr _ & : : 3 
7 KD * 7 + PL that is, FC is greater than. 5 a 

Again, AF + FC is greater than AC or VC, 
or VF + FC, and AF greater than VF; that is, 
= is greater than 7 — y, and 22 greater than ry — | 
27y + , and zz — yy greater than 77 — 29. 

- 
Therefore — — r or is greater than 


rr — 21 r — 25 


vl - . 
= —; that is, Cr 1s greater than CR, 
⁊2 — YY 


- 2 


| Cor. 3. Therefore if R, f be conjugate foci 1 
| the vertex V; R and F, will be conjugate foci to th 
point A. And if F and r be conjugate foci to th 
| vertex V; then F and R weill be conjugate foci to th 
| point A. 4 


Cor. 4. Let F, r, be the conjugate foci to the ver- : 
VPN NACE 


| 

| 

| tex V; then the aberration Rr = om 2CE x CP | N 
| fer rays falling at A. 


Fot 
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and zz — yy = r — 2ry + 29x, = rv + 25. 
5 Th Then Rr — wk ain ak 2 2 2 — OW” — 
| + 1 20 EZ — V YU + 27 


— ä 33 ao — — 
V Y + = 2yx 
* N = 
2D . 
— * * , wx Z x 2 
29X — | 1 
er 221 ru + 2 


F VP x Cr x 2CF 

1 — 250 + 2 85 CV* — 2CF x CP 
Cor. 5. J f T be the principal focus. And let 
IF: TT: :1:%; then the aberration Rr = 
I VP xVT 

r 

For by diviſion TF: TC — TF or FC: 


iz; that is, 2 71 —y: 7 21:22 — 1 


IBI Nen 
r 72 2 7 — 29 


. N 
W(Cor. 4.) R. = * © * ee 


n — I XA x 2 nn 


2 TS z; becauſe — 1 
y + "ea er, + * 
4 r 1. — 2 
2 , and * 24 
— 2y a — 1 2y 


G 2 PROP, 


For let x = VP, v =r —2y; and rr = yy + Fig. 
22 + 2yx FP; 3 and 22 rr -- N = x, 39. 


40. 


CATOPTRICS. 


PROP. XXVI. 


| 7 3 4 
FR be the radiant point, F the focus of rays 
falling on A, and reflected by the convex ſpeculun _ 
AV, whoſe center is C, F the focus of rays falling. 2 
1 RC x CA iſ © 
V. Then will the aberration Ff = — == - 
en will the aberration Ff NR Ml - 
RC X CA 3 
2RC — CV | | = - 


Draw RH parallel to the reflected ray AG, and : | 
RO perp. to CA produced. Then < H = FAC Rx 
= CAS =. RAH, and conſequently RH = RA, 
and AO = OH = + AH. Let CA or CV =, il 
(R- = d, RA or RH = 2, CF =, AF: = z 
M YT. x | Is 2 

Then in the triangle RCA, (Geom. II. 22.) 4d 
aa + rr + 2vr, and dd — aa = rr + 2 vr = 5 35 
r + 20 Xx r. And by the ſimilar triangles CFA, 
CRH, CR (4) : CF (y): : CH (r + 2v): CA 
(r) : + 2vXr:rr::d — aa: rr. When 

„„ OO 2 
ao: yy po eat F I, 

Alſo (Prop. V.) VR (4—7#): Vf (r — C/): 
CR (d): Cf. And compounding, 24 — : d: 
r:Cf =. And E = CF c | 


24 — 1 


Cor. 1. If R, f be the conjugate foci, to the wer ; 
tex V; then for rays falling on A, the aberration Ef 
Cf x VP 7 
& 74 F being the focus of rays falling at V. 

r = I 

For (Geom. II. 23.) CP. gr — x, and C being 
an acute angle, we have in the triangle RAC, as = 


77 +dd —2d Xr — x, and dd — 44 = ww 
24 
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drr Fig. 
— = Th f. F —— — — —_— — 
2d — rr. Therefore Ef 1 — Fr, 
TT.. arr 


24 —r 2dr — Tr — 2ds 2dr - r, 
2dr — Ir — 2dr o+ Tr -+ zd. , _ 


24 — rr — 24x X 2dr — rr 


24rx | dr 
2dr r — 2dx x 2dr * 3 
ww" | 247 — It — 24x 
dr dr 
72 2 15 n 2 
* 2d = 2d — 17 24 — 1 —_ 1 
| TOY > Sf —=* 07 


= Cor. 2. Let T be the principal focus, and CT or 
yt. And let TR: TV::m:1. Then the 
9 m +1 
- N 
= aberration Ff = 2 — 

| ＋ Xx 21 — 
For FR (d — z ): TV (4r)::m: 1, or 2d — 


1 ::: : 1, and by addition 2d: T:: 1 ＋ 1: 


Tt 24 —r d 

1. Hence 1 = „and m + 1 = <<, there- 

75 17 7 
Hi FRE, 2d I 
{Wore 1 1 and L, = . 
- m 2d — r 2m 2d — 1 


rx 
: CfXx 2 
= — Cf. Whence * rr 277 — 
3 207 * 2 N + I. I 
Wor + 1 m ri 
— XxX -rx Sr fy 


— 


* — 3 55 
4 N * + 1 


CATOPTRICS. 


PROP. XXVIL 


* 


41. Let R be the radiant point, RA the incident 1c 
falling upon the ſpherical ſurface AV, AD the re 
flefied ray, C the center of the reflector; draw CB, 
CD perp. to RA, AD. Aud let T, t, be the mid 


dle points of AB, AD. Then if F be the focus of 
the reflected ray, it will be as RT: TA: : TA « 
tA : F. Where F muſt lie the ſame way from , 
as R lies from T. | "2 


Let Ra be another ray infinitely near RA; aF 
its reflected ray; draw C4, An perp. to Ra; ani 
Cd, As perp. to Fa. Then the right angled tri 
angles Aas, and Aan are equal and ſimilar ; for 
< nah = FaV = SaA, and Aa is common, 
therefore As An. Allo in the equal right angled 
triangles ACB, ACD; and alſo Ch, aCd; CB 
CD, and Ch = C4, therefore Bb = Dd. Andi n 
the ſimilar triangles RBS, RAn; and FAs, FD; n 
RB: RA: : BS or Dd: An or As ;: FD : Af ci 
And by compoſition and diviſion, RA + RB I fc 
RA — RB :: AF + FD: AF — FD. AW li 
RA +RB, RA — RB. AF + FD AF—FDWM a 

ES HAND MR. es 
That 1s, RT: TA +: Ar: FF, = <9 


Cor. 1. This Prop. holds true of any curve A\, : 
whoſe radius of curvature at A, is AC. 4 


Cor. 2. RA: RB :: AF: FD. 


Cor. 3. T and t are the foci of rays parallel : 
RA, FA. af 4 


Cor. 4. The middle point of CA is the focus | 5 
rays parallel to CA. | 5 


my 2 FA B mA my ka a 


© GO) & ww 


Cor 5. If rays fall on the convex fide, it is only Fig. 
putting R on the other fide of AV; and the ſame 41. 
proportion holds good. 


SCHOLIUM. 


[ 

= Altho! it appears by Prop. IX, and X. that a 
= conic ſection will reflect all rays iſſuing from one 
focus, accurately to the other focus; and therefore 
mathematicians have endeavoured to grind their 
glaſſes into the form of ſome of the conic ſeCtions, 
yet they have never ſucceeded in giving them a true 
figure, nor has any method yet been found out to 
grind them accurately into that form. And if they 
could, it would not anſwer their expectation ; for 
neither the conic ſections, nor any other curve, will 
reflect the rays iſſuing from any point in the colla- 
teral parts of an object, accurately to a ſingle point. 
So that if glaſſes were truly made in the form of 

any of the conic ſections, they would not perform 
b much better than thoſe of a ſpherical form. For 

near the vertex of a canic ſection, it nearly coin- 
& cides with a ſphere of a certain radius, and there- 
fore in a ſmall ſegment, they will nearly reflect a- 
like. And ſpherical glaſſes are eaſily ground into 
a true form. And therefore conſidering all things, 
a ſpherical ſurface is the beſt curve, and the moſt 
commodious for optical uſes of any. | 
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BOOK III. 
Dro?TRICS, or refrafted Viſſon. 


* 


DEFINITIONS. 
DEFIN. L. 


Fig. D IOPTRICS is that part of Optics, whic| 


43. 


treats about refracted light, and every thin 
that relates to ſeeing thro' different mediums, an 
the pictures of objects made by refraction throug 
them. 
D E F. II. 


A Lens is a ſolid tranſparent body as AB, gene 
rally of glaſs, being of ſuch a ſhape, that the ſid: 
of it are either flat, or the ſegments of ſpheric 
ſurfaces. Of theſe there are ſeveral ſorts, as, 1 
Plain on both ſides. 2. Plano convex, being plai 
on one fide and convex on the other. 3. Plan 
concave, or plane on one fide and concave on' tht 
other. 4. Double convex, being convex on bot 
ſides. 5. Double concave, being concave on both 
ſides. 6. A Meniſcus, being convex on one ſide 
and concave on the other, 


DE F. III. 


The Axis of a lens, is a right line perpendicu 
lar to both the ſurfaces, or paſſing thro* both thei 


centers. 
DE F. IV. 


The Vertex is the point where the axis cuts the 
ſurface of the lens. : 


P R OP. 


| 


4 | Pl III. Vr. . 7 
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1 Fig. 
PROP. I. 


3 - If a ray of light AC, paſs into a refrafling medium; 44- 
= be fine of incidence ACD, is to the /ine of refradtion 
ECF, in a conſtant ratio. 


Let the ray BC falling moſt obliquely on the re- 
fracting medium MS, be refracted in the line CN. 
And the ray ACl be refracted into the line CE. 
Draw AP perp. to MS, and make, CH = CP, 
and CL = CM. And draw HIE and LN perp. 
to CS. And let the equal lines BC, AC, repreſent 
the equal motions of the rays B and A. Then 
uppoſing BC parallel or nearly coinciding with the 
refracting plane; let the motion AC be reſolved 
into the two motions, AP, PC; AP being per- 
pendicular, and PC parallel to the refracting ſur- 
ace. 
Then (by Prop. XVI. B. I.) bodies act upon 
Might by the forces of attraction and repulſion; and 
theſe forces are directed in lines perp. to the ſur- 
face of the refracting body MS. Therefore the 
notions of the rays BC, PC which are parallel to 
Ms, ſuffer no alteration by the refraction of the 
nedium. Therefore in the very ſame time that 
the rays A and B move to C, they would move to 
and L without refraction, where CL = CB = CA 
= CI. But by the refraction of the medium, that 
From B goes to N, and that from A goes to E, in 
he perpendiculars LN, HE, becauſe the parallel 
notion is the ſame as before. But (by Cor. 3. 
Frop. XX. Mechan.) the velocities of the rays 
, B, which were equal before refraction, will alſo 
pe equal after; and therefore CN = CE. 

No in the right angled triangle CLN, we 
Wave S. CLN (MCD) : : S.CNL (NCF):: CN: 
L:: CE: CI: (in the triangle CEI) S. CIH 
5 (ACD);: 


90 err 


Fig. (AcD): S. CEH (ECE). That is, S. ACD thei 
44+. angle of incidence: S. ECF the angle of refrac 
tion : : rad: S. NCF, or in a given ratio, 


Cor 1. If the refratted ray EC be turned dire 
back to the point of x34. Hy ; it will be refrau 
into the line CA, before deſcribed by the incident ray. 

For the forces that before accelerated its motion 
will now equally retard it. q 


Cor. 2. The angles of incidence and refraction lye bol A 
in one plane, which is perp. to the refracting ſurfaii 
at the point of incidence. 7 

For the refraction being made in lines perp. uM 
the refracting ſurface, there is no force to cauſe ti 
rays to deviate from that plane. 


Cor. 3. Heterogeneal rays of light have differ 
degrees of refradtiun; but in any one con/idered by i 
ſelf, the fine of incidence is in a given ratio the fn 
of refraktion. ar 


Cor. 4. If AC be the incident ray, and CE it 


refratied ray; and if AC produced cut the perpenilf@he 
cular HE in I. Then CE: CI: : as fine of i s8 
angle of incidence: io the ſine of the angle of iWon 
fradtion. 2 
Cor. 5. The velocity of light in the firſt medi ? pn 
ADC, is to its velocity in the ſecond medium CEN. 8 
as the fine of the angle of refraction, to the ſine f I, 
angle of incidence. 32 
For it is as AC or CI to CE. | „ 
Cor. 6. If parallel rays paſs out of one medium in th. 
another, they will alſo be parallel after refraio ih 
the refratting ſurface being a plane. Va 
For the rays being parallel, they are equally NW 20 
fracted. P! 
va 


PRO! 
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PROP. II. 


If heterogeneal light be refracted out of glaſs into 

air; the fine of incidence, is to the fine of refraction 

a of the leaſt, and moſt refrangible rays; as 50 to 77 
: 7 nd 7 8 . 


thei 


WS This is proved by experiment thus; take a glaſs 
Woriſm BCD, with a very acute angle C, and place it 
. b. that a ray of the ſun AF coming thro' a ſmall 
ole in the window ſhut, near the priſm, may fall 
perpendicularly upon the ſide DC, and be refracted 
by the oppoſite {ide at Y, the moſt refrangible rays 
to P, and the leaſt refrangible to T. Then if ETG 
be perpendicular to the fide CB, by meaſuring 
the angles AYE, TYG and PG, the fines of 

ru theſe angles will become known. 
8 For example, if the angle of the priſm BCD be 
31 36 ; then ſince the triangles CF and CYE 
Ware both of them right angled, the angle BCD = 
rx the angle of incidence at V = 31 36, whoſe 
"WJ fine is. 324. And the angles TYG and PYG will 
be 53 36, and 54 44 2; whoſe fines are .805 and 
seg. But .524 and. 805 and .8165 are nearly to 

one another as 5o, 77 and 78, 

= Here the angle of incidence on the plane BC is 
„always equal to the angle of the priſm BCD; but 
it may be difficult to meaſure the angles TYG and 
rr truly, for want of drawing the perpendicu- 
lar YG exactly. Therefore to avoid any error, 
take the altitude of the ſun, and at the ſame time 
mark the points P, T. Then to the altitude of 
n the ſun, add the angle of the priſm, which was 
ſhewn to be equal to FVE; the ſun gives the ele- 
vation of the perpendicular YG above the hori- 
zon. Then if you take alſo the elevation of TY, 
P above the horizon; theſe taken from the ele- 
vation of GY, will give the angles TVG, 8 
or. 
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Fig. Cor. 1. The angle PYT, which the coloured imay: 
45» ſubtends, is about 19 TS, or 1 9, ſubtrafing the 3 
ſun's diameter. | 


Cor. 2. In the coloured image PT, the lengths " 

the ſeveral colours, red, orange, yellow, green, blu, 4 
C1 

„ 


16˙ 80 15 12 12 7 7¹ 
„ =; it is eaſy to divide the angle PYT in tha 
9 5 


purple, violet, are found to be 


18 2 
proportion; and then there will be had the fines of r. 
frattion at the confines of all the colours; that is, 7% g 
77˙ 1T5> 175» 17%» 117 775, 78. Apo 
For the image 1s divided after the manner of 2 
muſical cord, as Sir J. Newton has found. And in th 
ſmall arches, the differences of the fines are near Wi , 
ly as the differences of the arches. 53 


Cor. 3. F light paſs out of glaſs into air; the fie 
of incidence, is to the fine of refrattion of the mean 
rays; as 11 t0 17, or as 20 to 31; which is a greater 
refraction than as 2 to 3. . 

For the mean refrangible rays are thoſe at the 
confines of the blue and green, or nearer the green, 
whoſe refraction is 77 4 or 77 +. 


SCHOLIUM. 


By a like experiment, the fine of incidence and 
refraction of the leaſt refrangible rays out of wa 
ter into air is as 3 to 4, or as 81 to 108; and af 
the moſt refrangible, as 81 to 109. | 


PROP 


Wim Dior TRICS. 


„ PROP. III. 

i = 7f A, B, C, be three refracting mediums, contain- 
= between parallel ſurfaces, and if a ray of light 
PE paſſing tbro them be refratied at E and F, and 
ass thro' the third in direction FG. It will ſuffer 
= be ſame refraction by paſſing thre A, B, C, as if 
=; went immediately out of A into C. 


a For let the medium C approach the medium A 

Win direction FE, and the medium B grow thinner 
and thinner, till F fall upon E, and the medium 
„z be vaniſhed ; all this makes no difference in the 
„ {Epoſition of the line FG. And therefore the re- 
fraction into the medium C will be the ſame whe- 
0 ther the ray paſs thro? B, or goes immediately from 
a A to C, without coming into B at all. And the 

ſame likewiſe appears from experiments. 


fue Cor. 1. Hence if there be never ſo many refractiug 
n mediums contained between parallel ſurfaces; the 
Whole refraction of a ray is the ſame at laſt, in paſ- 
rg thro all of them; as it would be in paſſing imme- 
ately out of the firſt into the laſt. 


= Cor. 2. If ſeveral mediums A, B, C, terminated 
Y parallel planes, be encompaſſed on all fides by ſome 
other medium; any ray RD moving out of this ather 
and medium, and paſſing thro* all the reſt, will emerge pa- 
wa- 7 4/lel to itſelf, at coming into this other medium again; 
| of bat is, GS will be parallel to RD. 

= For the refraction is the ſame as if all the me- 
diums A, B, C were away; and GS has the ſame 
direction as RD, 


93 
Fig. 


46. 


PROP, 


P. 


1 „ 
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PROP. IV. i 


47. If A, B, C be three mediums, and the fines of F in. 
cidence and refraction out of A into B, be a and ; 
and out of A into C, be a and c; then thoſe out i . 
B into C, will be h and c. | 


Let the mediums B and C be encompaſſed by BM: 
the medium A; and let RD be a ray retracted at 
D, F, and G, and proceeding to K. Then (Prop. Hl. 
Cor. 2.) GK will be parallel to RD. At D, F. 6,9 
let fall the perpendiculars LDO, NFP, 1GfHf. 
Then by reaſon of the parallels GK, RD, and GH, 
DL, the angle HGK = LDR. Whence a = 
S.RDL, 5 = . ODF S. DFN = S. incidence d 3 
the ray DF on the medium C. Alſo @ = S. HGK, 
and conſequently c = S.FGT = S.GFP = S. rl 
fraction of the ray into the medium C. Therefo Ml 
the ſines of incidence and refraction out of B int 
C, are & and c. $ 

Example. Let A be air, B water, and C glak MW 
And let the fines of incidence and refraction ou 
of air into water be as 4 to 3; and out of air in. 

4X11 | 


to glaſs as 17 to 11, or as 4 to then a=4 


17 

X 11 =_ 

2 8 Therefore the fine of inc: 
dence and refraction out of water into glaſs will be 
4X11 5 


to 44. hs 5 
Cor. F B, C, D, be three mediums; and ib! 
fine of incidence and refraftion out of B into C, le 
as b toc; and out of C into D, as r to 5, The 
thoſe out of B into D will be as br to CS, 
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—— of 
into D, as 7 to 5, or as c to .—* Therefore thoſe 


n 
Wout of B into D, will be as 5 to =, or as by to cx. 


Tramp. If the fines of incidence and refraction 

out of glaſs into air, be as 20 to 31; and out of 
by Mair into water, as 4 to 3. Then the ſines of inci- 
eence and refraction out of glais into water, will 
be as 20 X 4 to 31 X 3, or as 80 to 93. | 


PROP. v. 
The forces of bodies to refract light, are nearly as 


Wbeir denſities , excepting that unttious and ſulphureous 
oldies refract more than others of the ſame denſity. 


In uniformly accelerated motion, (by Prop. V. 
Cor. 2. Mechan.) if the body is given, the velo- 
Weity is as the force and time; and the ſquare of 
he velocity, as force Xx time X velocity; that is, 
by Cor. Prop. VI. ib.) as the force X ſpace de- 
Wcribed, and that is (when the ſpace is given) as the 
force. Let AF be the refracting fu ie, and let 
Wt be divided into an infinite number of equal parts 
Wecrminated by parallel planes paſſing thro' A, B, 
. D, &c. Put a = AB or BC, &c. /, g, b, &c. 
1 he For the forces acting in AB, BC, CD, &c. which 

Wnay be eſteemed uniform. Then the velocities 

Acquired in falling from reſt, thro' AB, BC, CD, 
ll be as V, Vg, V; and their ſquares as 7, 
W, b. But (by Cor. 3. Prop. XX. Mechan.) the 
Equare of the velocity at B being f, the ſquare of 
the velocity at C is = ſquare of the velocity 
at B + the ſquare of the velocity in paſſing 
thro' BC from reſt = f + g. And the ſquare 
of the velocity at D = ſquare of the velocity at 


C + 


95 
W For by this Prop. the fines of incidence and re- Fig. 
traction out of C into B are as c and 5; and out of 47. 


49. 


96 DIOPTRICS. 
Fig. C + the ſquare of the velocity in paſting thn 
49. CD =f+g ++. And ſo on, therefore Jo N 


oy at F=vf+g++ Sc. = ſquare root 
the torce C | 


48, Let AB be the refracting ſurface, IC the ine 
dent ray, infinitely near AC, and CR the refrat 
Tay. Let CB = CA, and BR perp. to CB. The 
CB (= CI = 1) is the parallel motion of the ry 
and BR the perpendicular motion, which is gen 

rated by the refraction. And therefore BR is 
the ſquare root of the refracting force, as was ſhey 
before; and the refracting force is as the denſin 
therefore the ſquare of BR is as the denſity of tl 
medium. | 
Let the fines of incidence and refraction be 
m to n. Then we have n: n:: CR: CB = if 
and CR = —, and BR* = CR* — CB* = 2 — | 
Therefore in the following table, againſt the nam 
of the bodies in the firſt column, you have tl 
fines of incidence and refraction in the ſeconlf 
the ſquare of BR or the refracting power in tl 
third, their denſity or ſpecific gravity in the four I 
and their ratio in the fifth column. Ty ; 
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DIOPTRICS. 


. 3 Kekraction Refracting = TtheRa- 
"Wo fo On ever Penftey tio 
Pſeudo topaz | 23 14 1.699 [4-27 | 0.39] 
ind [Air 3201 „ o. 012 8 
lass of 7 | 
1 [antimony - ny 992.568 5.28 48 | 
A Selenitis | 61 41.213 [2.252 | .54 
gen (Glaſs 31 2011.4025 2.8 541 
s WW [Rock Cryſtal | 28 161.4435 2.65 1-88] 
I aand Cryſtal 5 311.778 2.7265 
ai Sal Gemme -| 17 111.388 42.143 644 
f Alumn 35 241.1267 [1.714 | .65 | 
Borax 22 151.1311 [[1'714 | .67 
de Niter 32 211.345 f. 9 |. .70 | 
= A Vitriol | 303 200.298 1.71575 
_* ol. Vitriol 10 71.041 1.7 61 
Rain Water | 529 3960. 7845 fl. 78 
am Gum Arabic 31 211.179 + [e375 | oBg 
e pt. Wine 100 730.8765 [0.866 | 1.01 
coli Camphire n 211.25 .996 1.25 
oil Olive 22 151.1511 913 | 1.26 
dune Linſeed Oil 49 271.1948 0.932 1.28 
q Spt. turpentine 25 171.1626 _ 10.874 | 1.32 
W Amber | 14 91.42 1.04 | 1.36 
Diamond 100 414.949 3.4. | 1:45 


Bod! 


H 


This table of Sir J. Newton's, made from a great 

many experiments, ſhews that theſe bodies that 
differ from a conſtant ratio, are ſuch as abound 
more or leſs with oily ſulphureous particles. And 
that ſuch oily ſulphureous ſubſtances have a greater 
Wrefrattive power than others, in proportion as they 
are of a more ſulphureous nature. 


Cor. 1. The fquare of BR is as the denſity of the 
4 edium, | 2 ; 
Cor. 


48. thicker, is made towards the perpendicular ; a * th i 


DIOPTRICS: 
Cor. 2. Refradlion out of a thinner medium into 2 


centrary. 


Cor. 2. 2 light paſſes out of a thicker into of 
thinner medium, if the obliquity of the incident ray li 
ſo great, that the fine of its incidence has a greatn 7 
proportion to the radius, than the fine of incidence u 
the fine of refrattion; that is, when the ſine of . 

action would be greater than the radius, which i; 
impaſſible. Then the light will not paſs into that me 
dium, but be refieFed back. And therefore light «il 
not paſs out of glaſs into air, above 42 degrees of nM 
cidence; but is reflected back into. the glaſs. | 


Por. . 


Toer AGF® ze any denſe medium, A E perp. to 40 5 

HO an incident ray, making the angle HOF ini 
ly ſinall, OB, OC the refrafted rays, being the leaf 
and moſt refrangible. Draw Bc parullel to AO, a. 
ting OC in c; thro c draw ace parallel to AE; tha 5 
in auy other denſe medium AGH, if the leaſt ** $ 
gible rays (of the incident ray HO) paſs to D ok 
drawing De parallel to AO to cut ae in e, the 1 : 
reftangible rays cvill paſs tro e. : 

Let the ray OE cut De in 7, and if HO or OA 
be the velocity of the incident ray, then (Prop. Il 
Cor. 5.) OB, OC, OD, OE will be the velocity a 
the rays going to B, C, D, E; and (Prop. Vl 
Cor. 1.) KA: A: : denſity of the firſt medium 1 
denfity of the ſecond : : AC*: AER. And ABA 
AC:: ADB: AE,; whence AC: CB : : AE: EU on 
And by ſimilar criangles, Bc : AO:: (CB: CA: 
ED: EA: :) Dr: AO; whence 1. Be =D. 
and r falls upon e in the line abe. Therefore in al 
mediums, where the angle of incidence is a rig 


angie, the extreme retracted rays will cut hy 
ralleh 


7 
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99 
Wrallels AE, ae, in the points B, c, and D, e, mak- Fj ig. 
Wing Be, De alſo parallel ta one another, and to the 50, 
Trefracting ſurface OA. 
But this does not hold good when the ans of 
Wincidence is not a right angle. 0 


Cor. 1. If the medium is ſuch, that the mean 8 
angible rays, are refracted at an angle of 45* with 
OA, ben the. rays will be the moſt diſperſed by re- 
fraction. 

For the angle DOE will be | ag when AO 
Wnakes 45 degrees with. a line drawn from O, bi- 
Wccting De. 


Cor. 2. It does not hold that the fines of refrattion 
= faqs ang rays, are Proportional, S. B.: S. C 
AQ, 


For — proportion in inconſiſtent with this, 
uit 


B: AC : : AD-: AE. 


1 
* 


leq 

1 Cor. 3. Neither does "bis conſtruction Bold good, in 
e de and the ſame medium, for different incidencies. 
fn For if the heterogeneous rays at incidence go, 


tha : daſs thro* B, c; at leſs incidencies they will not paſs 
mii ro D, e; the line De growing perpetually leſs, as 

Wc angle AOD grows bigger. For in this caſe, it 
S. B: S. C:: S. D: S. E, which is inconſiſtent 
: mn the proportion AB : AC: : AD: AE, on 


Wc the equality. of Br, De, depends. 


SCHOLLIUM. 


II the denſe medium AGHA be glaſs, then if 
4 be 40, A 4 will be 1; as may be calculated 
om having OA given, and the fines of incidence 
d refraction. And this may ſerve for a ſtandard, 


hereby to meaſure the refractions of other me- 
liums. 


H 2 PROP. 
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P'R O© P. VII. 


52. If homogeneal rays be refrafted by a priſm ABC, | 
the inclination of the incident and emergent rays i: 
leaſt, when the refraction is equal on both fides, APH 
= BSR. 1 | 


-1, In order to prove this, let the angle Ig = ld, 
and let þI, gl, dl, be three homogeneal rays, 7 1 
ing out of a denſer into a rarer medium, and re-. 
fracted® at I, in the lines IB, IG, ID; draw th 
fines ön, go, dp, and BN, GO, DP. Now it ; 
known, that in ſmall arches, theſe arches are nearly 
as their ſines, and the increaſes of the arches as ti 
increaſes of the ſines; but as the arches increaſe, i ? 
that increaſe has a greater ratio to the increaſe of 
the ſine; and ſtill greater and greater as the arch 


become bigger. Now ſince the ſines bn, go, 4M y 
have a given ratio to BN, GO, DP, and their in- 

crements to their increments, And fince AB U 
greater than ab, therefore, putting inc. OG for i- 


creaſe of OG, &c. we have = greater than 4 
RW 
inc. nb inc. nh 


And DG much greater than 


inc. OG inc. NB a 

DG much greater than BU „and inc. no 
Inc. g Inc. N 1 
much greater than inc. g x BG. Divide by nc.» 
and inc. og (which are not in fo great a ratio), aud 
then DG is greater than BG. Whence the ſum «i 

the refractions AB, AD, is greater than twice ti 
refraction AG, into the rare medium. 3 

52, Nom let the ray PS be refracted into the line 
PH, SR making the S APH BSR. Alſo : + 


„and inc. ub greater than inc. g 


» that uM 


» 


DIOPTRICS:. 


B. III. 


PON perp. to CA, and QO, SN perp. CB. Pro- 
duce RS, HP to V, and IP, LQ to T. Then 
<OPQ + OQP = C= NPS + NSP = 
2NPS, for O and C, or N and C, make two right 
angles. Therefore the angles OPQ, OPS, and 
OQP have equal differences, and their angles of 
refraction are OPT, OPV, and OQT. Therefore, 
by what was ſhewn before, OPT + OQT is greater 
than 20PV or NPV + NSV, and taking away 
che equal angles OPQ + OQP = NPS + NSÞP, 

WT and there remains QPT + PQ greater than SPV 
cly + PSV, that is, DTQ greater than. FVS, and 
+; YL *herefore the inclination RVF is leſs than any other 
iſe, =8 inclination LTD. 


eie Cor. 1. The greater the obliquity of the ray IP 
bes entering into the priſm, the greater will be the incli- 
vation of the incident and emergent rays, DIL. 

= This appears from what was proved in fg. 51, 
= where the greater the arch is, the greater is the 
ratio thereof to the ſine. i 


Cor. 2. If @ priſm be placed near the hole in a 
wvindom ſbut, for a beam of the ſun to paſs thro', ſo 


briſm ſlowly about), is when the incident and emerg- 
ing rays make equal angles on each fide the priſm. 


xD Cor. 3. There are two poſitions of the priſm, where 
16. be image will have the ſame place, and that is where 
„ anl be ray paſſing tbro it, cuts the contrary ſides at the 
im d me angles. | 

e e For if IPOD be the progreſs of the ray, and if 


= <CGF: = = CPQ, and CFG = COP. Then 


Therefore if the priſm be turned about the axis, 


the ſum of the refractions of the ray FG, will be 
equal to the ſum of the refractions of the ray PQ. 


H 2 till. 
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the ray PQ be refracted into PI and QL. Draw Fig. 
82. 


4 to throw the image upwards; the loweſt place of _ 
= {be image where it appears ſtationary (in turning the 


53. 


102 DIOPTRICS. 
Fig. till the angle IPA be equal to DB; then the rar 
53. will paſs along FG and go to PD, As before it Gi : 

in going along PQ. N 


52, Cor. 4. When the angles of incidence and 1 8 
tion ere equal on both fides the priſm ; the angle ii 
refraction NPS ts equal to half the angle C of th 


priſin. 
For we proved before that C is equal to 2NPS. 


TK ©. YH 


| | 64. Heterogeneous rays being refradted by a priſm ABC 
1 the more oolique | the incident ray IP ts, the leſs will i 
1 the ſeparation of the rays SL, QI. 2 
Inſtead of a more tedious method of demonſtu 
tion, I ſhall compute the progreſs of the rays ui 
gonometrically, the angle C being 609, and til 
fines of incidence and Tefraction out of air int 
* being as 106 to 68 and 69. : 
Let the angle of incidence APT be infinity 
dual, then it will be 


106 2.0253059 106 2.025 305 F t 
68——1.8325089] 69 —— 1.8 388498 
Rad. —— 10. | Rad. e. 
58.39 54 — 9.8072030S.40 37 9.87350 Fi 
the angle OPQ. the angle OPS. 


Theſe angles taken an (C) 60, leave 20 Þ 
and 19 23 for the angles of incidence at Qu : 
Therefore again, 

106 2. 0253059 1. 2, 02530 : 
8. 20 6— 9 83612868 19 23 — 9. .5 209508 


11. 5614345, 11.54029Þ 

8. 32 234 — 972892568. 30 39 — 9 707440 

30 39 — th | 18 If Cel 
f. 1 447 e angle of diſſipation betw 

the rays SL, Qu. 


OY 5 


2. I 
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| 2. Let Q be the incident ray; then ſince che Fig. 
noſt refrangible ray will return thro' P to I, 54. 
making the angle API infinitely ſmall. Therefore 


ve have nothing to do, but trace the leaſt refran- 
idle ray thro' /QRH. Therefore 


106 2.023059 
69 — 1.838849 
S. 32 234 — 9.728926 
11.677747 
S. 20 242 — 9.424688 
the angle RQO. 


= Then 20 24 taken from 60 leaves 39 35% for 
che angle of incidence at R, or QRO, therefore 
| 69 — 1.8388491 
106 — 2,0253059 
S. 39 352 — 9.8043520 
I11.8296579 

S. 78 15 — 9.9908089 
= And 78 15 taken from go, leaves 11 45 for the 
angle made by RH and PI, for the ſeparation of 
e rays at Por R, far exceeding that at Q or S. 
= 3. Let the angles at P, Q be equal, being each 
equal to 60; whence the angle of incidence is 30. | 
W Then | 


68 —— 1.832508] 69 — 1.8388491 

106 2.0253059 106 - 2,.0253059 | 
8.30 — 9.6989700] S.30 —— 9.6989700 | 

N 11. 7242739 117242799 | 
; S.51 124 — 9.8917670[S.50 11 — 9g.8854268 | 
5t 125 

1 
„ 1 17 


And 1 1% doubled gives 2: 03 the whole ſepa- 
ration by both ſides of the priſm, when the angles 
| H 4 | at 
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Fig. 
54. an 


moſt oblique, it is 11 45. 


55. 


DIOPTRICS. 
uy and Q are nearly equal, and the rays come on 
ſide. | 8 ; 
So that when the rays fall very obliquely, the 
ſeparation of the heterogeneous rays is only 1 44%, 
When their incidence and emergence are about 
equal, it is 2 03. And when their incidence is ſo 
near a perpendicular, that their emergence is the 


PROF--IX 


4 


If R be the radiant point, RP perpendicular to th | 
refracting plane furface PA. Then if RA be tbe in. 
cident ray, AH the refradted ray, cutting RP in F; 


then F will be focus, ſo that FA: RA: : S. inci· 
dence : S.refrattion. | 2 


For the angle PRA = angle of incidence, and 
PFA = angle of refraction, and in the triangle , 
ARF, FA: RA : : S. FRA: S.PFA : : S. angle af, 
incidence: S. angle of refraction. 


Vr 
Cor. 1. As the fine of refradtion: to the fine of in. 
cidence : ſo the incident ray to the refracted ray. 
1 : £ * or 
Cor. 2. If rays diverging from R, diverge from F. 
after refraction; then rays converging to F will c. 
verge to R after refraction. Wo 


Cor. 3. Parallel rays falling on a refrafting plant, N 
are refratted into parallel lines. £4 

For R and F being at an infinite diſtance ; ah; 
rays proceeding from R will be parallel to one 
another, and all rays proceeding from F will alv 
be parallel. | > 


Cor. 4. If rays diverging from R, diverge from | ac | 
after refraction; then changing the mediums, the ra 
diverging from P, Twill diverge from R, after refra 
tion. Cor. 


E m. DIOPTRECS, 10g 
= Cor. 5. If rays RA, Ra, falling near P, be re- Fig. 
7d Zou the focus F; then FP: RP: : S. inci- 50. 
ence: S. re, raction. ; OS. 


For then FA = FP, and RA = RP, neatly. 5 


Cor. 6. F R is an object under water, and the 57. 
eye moves from C to D and then to H, Sc. the ob- | 
en will ſeem 10 riſe in the perp. RP, till at laſt it 

vaniſbes in P. Hence water looks deepeſt when looked 
Wat perpendicularly, but it appears not then to be ſo 
Weep as it is, by a fourth part. . | 
For when the angle of incidence ARP is 48 : 40 | 


b Bc angle of refraction AFP becomes go. And at — 
F C, the apparent place of R will be at F, fo that | 
1 :: : 3: 4, or PF = 3 PR. A 


. 


and If AV be any refracting ſpherical ſurface, C the 38. | 
center, R the radiating point, F the focus after refrac- 59. | 
eo ion; then RA X fine of incidence: CR X ſine of re- 60. 
Vradtion:: AF: CF. | | 61. 


Let RA be the incident ray, AG the refracted 
one. Draw FH parallel to CA, cutting RA in H. 
hen <RHF = RAC = angle of incidence, and 
FH = FAC = angle of refraction. Put m, u, 
for the ſines of incidence and refraction. Then in 
Wthe triangle AF H, 
lane, PHE or AHF (n): S.AFH () :: AF: AH. 
* n 
ay ſimilar triangles, AR : CR ::AH:CF. 
410 nd ex equd, m x AR : CR :: AF: CF. 
Cor. 1. On the contrary, if the rays go the contrary 
p way in the line GA or FA, they will be refracted to 
7 R; and R and F will be conjugate foci. 


efro Co 
Cor. — 


106 
Fig. 


58. 


4 
60. 


61. Then the diſtance of the object and vertex RV x ji 


DIOPTRICS. 


Cor. 2. If rays diverging from R, converge to} 
then changing the mediums, rays converging to R u 
diverge from F. Or tf rays diverging from R, 
verge from F, then changing the mediums, rays 
verging to R, will converge to F, after refraflin 


Which ſaves the labour of drawing more figures, 
rr. KL 
If AVa be a very ſmall part of a refrafling ji 


rical ſurface, C the center, R the radiating point 
object, F the focus after refratlion ; 


of incidence : f 
Diſtance of the object and center RCx/ine of refraftin} 
Diſtance of the vertex and focus VF : | 
Diſtance of the center and focus CF, nearly. 


Let RA be the incident ray, AG or AF the 
fracted ray; then ſince A is very near the vertex 
RA = RV, and AF = VF nearly. And (Prop. | 
putting m, M for the ſines of incidence and refn 
tion, mx AR: Xx CR: : AF: CF; that is, mxR) 
xx CR: : VF: CF. 


Cor. 1. Fm, u, be the fines of incidence and! 
fraftion, then mxVR AA CR: X VR: : CM 
VF. | 

This follows from the Prop. by compounding! 
dividing. 


1 
. 
_— 

* 


Cor. 2. If the rays be turned back again in the | | 
GA, they will be refrafied to the focus R; wil 
ſupplies the place of more figures. 


Cor. 3. If RandF lye on the ſame ſide of tel 
frafting ſurface; rays diverging from R will div 
from F; if they lie on different ſides, they convil 
to F. 


Optichs. F - | | PI.IV. par. 


in. DIOPTRICS;. 209 
| | Fig. 
PROP. XII. 


If parallel rays RA, RV fall upon any refrafing 62. 
W/pberical ſurface AV, whoſe center is C; F will be 63. 
=: focus of the refratied rays, ſo that, the fine of in- 

iaence: fine of refraftion : :; AF: CF. 


Draw the radius CA, then RAC or ACF is the 
Wangle of incidence (or its ſupplement), and FAC 
he angle of refraction. Let m, u, be the fines of 
Incidence and refraction. Then in the triangle 


Her, S. ACF (m) : S. CAF (#) : : AF : CF. 


Cor. 1. If the rays be turned back in the line GA, 
Word refratied at A, they will emerge parallel. 


= Cor. 2. If AV be any refrafting curve, AC perp. 
Jo the curve in A; and CF parallel to RA; and if 
RA be the incident ray, AF the refradted ray; then 
AF: FC: S. incidence: S. refraction. 


PROP. XIII. 


F parallel rays RA, RV, fall on @ very ſmall part 62. 
Wof a refrafiing ſpherical ſurface Aa, whoſe center is 63. 
EC; and if F be the focus, then fine of incidence: fine 
ef refradtion:: VF: CF, nearly. 


For as AV is a very ſmall arch, AF = VF near- 
Ely, therefore (Prop. XII), S. incidence: S.refrac- 
uon: : AF (VF): CF. | 


Cor. 1. If m, n, be the fines of incidence and ro- 
Vadion; then m - n: n:: radius CV: VF the 
Principal focal diſtance from the vertex. 

For m: n: VF (VC + CF): CF; and by divi- 
: lion, m - : :: VC: VE. 


Cor. 


08 DIOPTRICS. 


Cor. 2. The focus of parallel rays refrated hy , 


62. convex ſpherical ſurface of glaſs is diſtant from th 
63. vertex near three times the radius. ( 


65. ſurface, C the center, t, T the principal foci, or th 


For m is to n, nearly as 3 to 2, and m—xyl 
mas 1 to 3. \ 


Cor. 3. As m — n the difference of the fines : 1 
n the leſſer : : as CV the radius: to VF — VC, . 
CF the diſtance of the focus from the center. 


PROP. XIV. 
64. Tf AV be a ſmall portion of a refradting ſphericd 


*n 
foci of parallel rays coming out of one medium ini 
the other. And if R be the radiating point, F f 
focus; then it will be, Rt: RV :: RC: RF; orth 
contrary, changing the focus for the radiating paint, 


Let m, u be the ſines of incidence and refractioꝭ 
d = RV, and r = radius CV. Then (Cor. 1, 


Prop. XIIL) n , VT. Au 


ru 
n — n 
rather Ve = , and VT — VC or CT - 


3 — 1 


88 


on the contrary # - m: n:: 7: 


FFA ein an S433 ö 


—. —x = ——, therefore Ve = CT, ail 


m — 7 m — 1 | I 
VT ='#C. ; 
But (Prop. XI. Cor. 1.) nd -n Xx d + nd 
7: VF (in fig. 64.), or nd — nd — ur: mr: : 2 
ur ur. 


222 — ; u 


hn 


Ver FF 


VE; and dividing by n -, d — 
HE _ I | mm — 1 m — 1 
d: VF; that is, RV — Vr or Rr: VT or C 
RV: VF. And compounding, Rr: R + 1M 
(RC) :: RV. RV VF (RF). And (in fig, 1 | 
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t is md —nd + rn: md::r: VF. Whence RV Fig. 
Vt : VT or Ct: : RV: VF, &c. | 64. 


f [ 
' Cor. 1. Rt: (Cor VT: : RV: VE. 65. 


1 From the demonſtration. 


Cor. 2. Rr: C:: CT: TF. 
For (Cor. 1.) Rt: C:: RV: VF: : RV 9 
Vor CT): VF —7C or VF VI (TF ). 


Cor. 3. N: W:: VI 218, 
| Far (Cor. 1.) Re: TV:: RV: YF : RV 
u (V): VF — VT (TF). 


Cor. 4. FT, # be the principal faci, of rays paſ- 
Wing out of one medium into the other , then CT = Vt. 


F 7 From the demonſtration. 

4 tk | 

or th | 
10 PROF. XV. : 


If AV be a ſmall portion of a refracting ſpherical 66. 
ace; C the center, R the radiating point or the 
ocus of the incident rays, F the focus of the re- 
rated rays. And if m = S. incidence, n = S. re- 
MM, AKV= CTY =, YE =f; em /= 


mar 


ep g fee where if the rays converge, or AV 


e concave; d or r will be negative. 


FA os + Cie r 28 


For ſince the arch AV is very ſmall, RA = RV 
d, AF = VF =f, Draw FH parallel to CA, 
Cutting RA in H. Then by ſimilar triangles RC 


2 —_— 


and 


r 6 pt 


nd (4 +1): CF (F -r): : RA or RV (d): AH = 
„ blen in the triangle AFH, S.AHF or 
=0 : AH (n): S.AFH or CAF (n): : AF or VE 
AH (<= =£). Whence 05 = 7 22 m, 
EF 

4 and 


710 DIOPTRICS. 
Fig. and ndf +-nrf = do — dur, or mdf — ndf = 


1 efc "= 8 | 
66, nrf = mar, therefore 7 — 23 — —_ 


mdr mar 
nod Bra n — A. d —- ur mdi—nxd+r 


Cor. 2. If rays fall ou @ concave refraftor,. f = 
— mar 


n — 7, 4 ur 


Cor. 3. If the rays converge to R, f'= 


mar 


— — 


m— . d + ur | 
For f = = 


m - 1X — 0 ur. 


Cor. 4. If it be a plain ſurface, f = = 


1 de 
For it 1s f — dr = — 24 being infinite, x 
— ur * * 

Cor. 5. If the rays be parallel, f = a — * 
. mar = 
For then d is infinite, and f = . Rue 
m— 4.4 6 


SCHOLIUM. 


From this general ſolution it follows, that when 
F the focal dittance comes out affirmative, it mul 
be taken directly forward from V, but when it! 
negative, it muſt be taken backward towards R. 

In the ſame manner that F is found from hav 
ing d, and 7, given; either 4 or r may be found 
from having the reſt given. For example, let r be 

mdr 


ſought, Multiply the equation, f = — 


md — nd — WW 


bſ 


m. DIOPTRICS. 


; wdr + nfr = mdf — ndf, whence r = 22 


Jomes out affirmative, and that the refractor is con- 
ex towards the object. But when 2 is greater 
Shan m, 7 will be negative, and therefore *tis con- 
Wave to the object. . 
Again, let 4 be ſought, having f, r, given. 
From the former equation, mdf — ndf — urf —= 
r; by tranſpoling, mdf — ndf — mar urf, 
1 ar i 

3 — — — 5 1 

: nd d 3 And from hence it ap- 


ears, that if nf be greater than f + mr, then d 


e refractor. But when »f + mr is greater than m 
en d comes out negative, and R is on the concave 
Wide of the refractor. And if mf be = if + ur, then 
will be infinite, and F is the focus of parallel rays. 

It may be further obſerved, that in all caſes where 
Whe rays converge to F, if a circle BD be deſcrib- 
d with any radius from the center F, to cut the 
efracted rays AF; theſe rays, paſſing thro' the 


te; 


ſhcſe rays, paſſing perpendicularly thro' the re- 
acting ſurface BD, go right forward. And for 
be ſame reaſon, rays diverging from F, will go 


when o R as before. ED 

* parallel rays RA, NV fall upon 4 ſmall portion 
12 Fa ſphere, and be refratted by the firſt ſurface to 
*. ; they will be refrafted by the ſecond ſurface to F, 


be middle of DT. 
Let the rays RA, FG meet in H; then ſince 


he cord AG cuts the curve at A, G in equal an- 
gles, 


are mdf — ndf — nrf = mdr; and tranſp 2 


y the denominator md — 1d — ur, and we mall Fig. 
q 6. 


md + nf 
WA nd this ſhews that when y is greater. than u, r 


W affirmative; that is, R is on the convex fide of 


1enſcus AVDB, will go to the ſame focus F. For 


111 


6 


67. 


68. 
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Fig. gles, the refractions will be equal at A and 6 
68. whence the triangle AHG is equiangular, ayM 
equilateral. But FT being parallel to AH, k 
triangle GFT is ſimilar to AHG; whence GFA 
FT. But GF being = DF very near, thereto 
DF = FT. 


Cor. If parallel rays fall upon any part of | Et 

Sphere , and T be the focus after the firſt refradin © 

5 * be the focus after the ſecond, ſo that GFE 
PROP. XVII. 


69. In any lens BH, if two radii CA, ca, be dram 
70, Parallel to one another, from the centers C, c, of th 
two ſurfaces; and Aa be drawn cutting the axis 
D. Then every ray that paſſes thre D, ſhall bay 
zts incident and emergent rays parallel. 


For by reaſon of the parallels CA, ca, the tr 
angles CAD, cad, are ſimilar; therefore CD is 
D, as CA to ca, that is in a given ratio; and 
therefore the point D is invariable. And furth WW '” 
the angles at A and à being equal, the line 16 
cuts the two ſurfaces in the ſame angle, and there 
fore if the ray Aa be ſuppoſed to go both ways, tit 
refractions will be equal and contrary ; that is, the) 
make equal angles with Aa, and lie contrary waz 
and therefore are parallel. 


Cor. 1. Hence in double convex and double concatt 
lenſes, the point D lies within the lens; in a plano i of 
vex or plano concave, it is at the convex or concaV 
ſurface; but in a meniſcus, it lies out of the len 
nearer to the greateſt curvity. And in a ſphere, il 
at the center. 


Cor. 2. The courſe of a ray, paſſing tbro D, vi 
near the axis, may be taken for a ſtrait line, with 
ſenſible error. Cot, 
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Cor. 3. The point D is ſo placed, that CG : F:: big. 
DG : DE. . | 69. 
For CA or CG : ca or cF :: CD: D:: CG — 70. 
CD (DG) : CF —CD : (DF). | 


Cor. 4. As the ſum of the radii (or the difference 
in @ meniſcus) : to the leſſer radius : : ſo the thick- 
neſs of the lens: to the diſtance of D from the vertex 
of greater curvature. 

For ſince CG: F:: DG: DF, by compoſition 
(or diviſion) CG + cF : F:: DG + DF (FG) : 
DF. : 


Cor. 5. If Aa be any ray paſſing thre D; then 
the tangents to the lens at A and a, will be parallel. 
For the angles CAa and caA being equal, their 
complements DAG and DaF are equal; and there- 
fore the tangent at A is parallel to the tangent at 
4. And hence | 


Cor. 6. For every point A of the lens, there is 
fome ray or other Aa, whoſe incident and refracted 
4.4 will be parallel; and that is the ray paſſing 
thro” D. c 

For the tangents, at A and à being parallel, it 
is the ſame thing as if the ray was tranſmitted thro' 
a medium contained between two parallel ſurfaces, 
in which caſe (by Cor. 2. Prop. III.) the incident 
and emergent rays will be parallel. 


SCHOLIUM. 

The point D is by optic writers called the Center 
of the lens. 

P R OP. Win. Fro, 


Having the lens aV, and the radiant point R 71. 
given; to find the focus F, after the refraction of 72. 
both the ſurfaces. . 

Let m, u, be the ſines of incidence and refrac- 


tion, and make m Xx Ro — Xx Re: m X Rv: : 
15 the 
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71. 


72. 


fraction at the firſt ſurface. And find F as befart, 


#XV/:maXxXSft TYF: CV + VF or CF. And 


DIOPTRICS. 


Fig. the radius vc: , and f is the focus after the firk 


refraction at av. Again vf — vV = Vf; then 
make as mw Xx Cf - X Vf: Xx Vf: : radius CV: 
VF, and F is the focus after the ſecond refraction 
at AV. And thus you may proceed to find the 
focus after refraction by a thin or fourth ſurface, 
&c. | 

For ſince W Xx Rv -M Xx Re: M X Rv: : ve: 
vf, by diviſion, Xx RV: Xx Re: : F — w 
or cf. And therefore (by Prop. XI.) F is the fo- 
cus of the rays refracted at av. Allo ſince m X 
Cf — Xx Vf :nX Vf : : CV: VF; therefore, 


Vf: Cf:: : E.: AN VF: * CF. And 


3 
therefore (Cor. 2. Prop. XI.) rays converging to 
F and refracted by AV, will converge to the fo- 
cus F. This method of demonſtration is general, 
and is applicable to any caſe. 


Cor. If the incident rays are amd; Bic FI 
n —- n: m:: vc: vf, and F is the focus after rt 


for the focus after the ſecond refrattion. 
For in this caſe Rv and Rc are equal. 


THY 5 


| 


| 


= 
KA 
4 


. 


75 
922 


ku ies ws 


PROP. XIX. Fig, 


Let parallel rays Sa, Rv, be refracted by the lens 71. 
Av; ſuppoſe the fines of incidence and refraction as 72. 
n to n; and put the radius of the ſegment towards 
the obje cv r, the radius of the ſegment from the 
objett CV = R, the thickneſs of the lines VV = t, 
the principal focal diſtance VF = f. And p = 


- IF q = — ; therefore mp = nq. Then 
TEX mn — 1 
| Rn x 97 — 7 DEED 
= f = 1 ; wherein if av, or 


m XR H＋ T- Xx mn — 

= AV be convex the contrary way, then r or R is ne- 
W gative. 

For (Prop. XVIII. Cor.) wm - : m:: vc (r): 


mr 


= r; and Vf =gr -. Again n ͤ 
Cf — 7 x Vf: XVM: : CV: VE; that is, mx 
[RT yr t- X r: n Xx r-: R 7 
N X gr — 


R mqr — mn — ngr ＋ nt * 
v 2 
nR +m—n.q—m—n.t = 
R Xr 3 gr — ft 


LR + mr — 1X Mm — 1 qxr +R—? 
And a like calculation may be made for the con- 
cave, fig. 72. | 


Cor. 1. If t = o, or inconſiderable, then f = 
1 and is the ſame on either ſide of the lens. 
7 \ F 


For then f = R pRr 


RTT M RTT Retr 
I 2 . Tor. 
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Fig. Cor. ha If t = ©, and av be a plane ſurface, they 


THE wg R. 
722m 1 
For then i= infinity, and f = SPN = = R 
r : 
= | 
R. And 8 - 
= . 
Cor. 3. if So, and AV a plane ſurface, f = f t 
1 k 
| v. | 
| rea 0 
Cor. 4. If 4. 20, aud R — F then f = | 3 8 
| mM — i 
x 4 7. $ te 
Cor. 5. The principal fecal diſtauce made by ont 1 
a 3 ; mr 
reſfrattion, is ——. 
= = | ar 
For by the demonſtration vf = 7. 
| | — 8 — fo 


Cor. 6. Fa luminous body be placed in the Print 
pal focus of a lens, it will caſt a light lo a great diſ 
#QJice. 

For the rays emerging nearly parallel, will not 
unite till at a | great difrance. 


th 


SCHOLIUM:. 


In glaf: iS, = 25: and.2 = 2 nc early; Whence 
2, and q:= 3. Therefore from this Prop and 
ts corollaries, may be deduced the following rule 

bee aliar to glaſs lenſes. 

1. In a double convex plats of equal radii, tht 
principal focus 15 diſtant, the radius of the {phe 
HGritne focal diſtance is cqual to the radius 

2. In a ſphere, the principal focus is diſtant hal 


ihe radius; of an hemiſphere + 1 the radius, wil 
the 
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the convex ſide is expoſed to the rays; and twice Fig. 
the radius, when the plane ſide is expoſed. 71. 
3. In a plano convex, the diſtance of the prin- 72. 
cipal focus is equal to the diameter, when the plane 
ſide is expoſed to the rays; but to the diameter 
2 the thickneſs, when the convex ſide is expoſed. 
4. In a double convex glaſs of different ſpheres, 
2Rr 
5. In double concaves of equal radii, the prin- 
cipal focus 1s diſtant the radius of the ſphere, and 
is virtual. f 
6. In a plano concave, the principal focus is diſ- 
tant twice the radius, and is virtual. 
8. In a double concave glaſs of different ſpheres, 


the diſtance of the principal focus is — a 
2 R +r 

and 1s virtual. 
9. In a meniſcus, the diſtance of the principal 


focus is — the concave ſide being expoſed to 


the diſtance of the principal focus is 


bt 


. te rays. 


oh 


n0L 


14 PROP, 


72. ted by the lens Av; let m, u = ines of incidence an | 
refraction, mM 


"'D—z7::R:f, or R +. n- * D- n- 


mR + m -. D- M=. 1 


ckcrefore f = nor 


PROP. XX. 1 
I rays ſuinę from the radiant point R, be refrac 


4 Rv, ihe diſtance of the radiant point. 
r cu, the radius of the nearer ſurface. 
'R = CV tbe radius of the farther ſurface. 


r Vo the thickneſs of the lens. © = = 
os & -- = VF the focal diſtance. | 
6 . b 
— ©) — — — 5 th | 
£ m 1 7 m — 7 . 7 ng: | 
72 mpdrR — ndRt + R. = al 


| mdXr + R—mprR—YUXm—7 + mt | 
wherein, if the rays converge, or if av, AV, be c 
cate the contraty way, then d, fo or R is negative. i 


Or at ſhort, f = R, where D = 


gdr__ 
Ir — pr 


For (by Prop. XVIII.) m x Rv —# X RS. 
Ro: : vc: of, that is, nd n * dA: md: : |. 
\ _ =D ſuppoſe, an and D —t- | 


2 5 
Vf. Again m * RD - xD—::n 


D — N 


> Dy 


: D —m::R:f, therefore T7: 
ADR — AR. 


But D — mar 5 = * gdr 
Tadi—d— xr © en 4 


R R + nprRe A Op 
N 
an — mprR + 1 . EW TINT 
| mpdrR — ndRt + nprRe 
* Dar NT — ALIX TALT x pr 
mpdrR — ndRt + uprRs 


nud x 7 + R — mprR — dt * 1 + wt 


— — 


becauſe m - . 4 m, and * - . der 


— — whet D _ * 
at . 3 5 7 —R 125 e 425 


cave, bg. 72. 

Cor. 1. If t be nothing or inconfiderable, then f = 

| JO and is the ſame on both ſides 
Ixr + R— „R 

be lens, whilſt the diſtance d continues the ſame. 
Cor. 2. If the lens be of glaſs; then f = 

——_6drR — 24Rt _ A&R ; or when t So, 

a eee 2rt 


dXr — 


Cor. 3. In a plano convex, if 7 = o, and AV 2 

; Plane ſurface ; thin f = =—=—=— ndr — 

71 m . 4 uu. 
wa, * 


il 


1dr | ud 


27 5 EN 
7 ir 1-2 d — ur 


. Cor. 
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Fig: or. 4. If t S o, and the lens has equal converi. 4 
71. rr 1 
72. ties; then WM . = And in c ® 

* v4 * 
"Te. 5. When t o, in a. double Concave, f= = 
parR 


* And when the radi; art 


; 
Z 
: 
* 
: 
q 
| 
n 
. 
. 
4 
; ; 
. 
2 


equal, f = — - „for glaſs 1 
EY + Aol | 
Cor. 6. In à plano concave, expoſed with the cn 
R 
cave de to the rays, f = _—_— ; 
3 4 ＋ R 
Cor. 7. In 4 an tus, the convex fide turned I 
the rays, f = — 0 i 
Cor. 8. The focal diſtance made * a /i ngle refrat Ane 
tion is — 


Mm — 7 = br 
From the demonſtration. 


Cor. 9. If the radiant point and the focus be equi 
ditan *. a lens; they will each of them be dif 
twice the principal focal diſtance. ur 


For put d = f e then d 


dr +R—prR 
7+R—pR = prR, or d * r + R = 2h C 


— Rr = twice the principal focal di 


tance, by Cor. 1. Prop. XIX. 
Cor. 10. If the radiant point be nearer the len 


whence d = 


hay the principal focus; the rays after en 
5 7 a1 
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„verge; if it is in the principal forus, bey will Fig. 
Wnerge parallel; and if it it Farther off, they will 71. 

T4 - EE cb 
: ScHoL1v u. | 

Hence if all the quantities m, u, d, 7, R 7. 


rcept one be given, that one may be found, by 
Ne reduction of the equation in Cor. 1. 


- Coy * 
=- - 


; [ i 


at 


PROP. XXI 


If P, p, be the principal Jac of a ſphere or lens 73. 
\v; R the radiant point; F the focus by refrattion z 74. 
WD be center of the ſphere or lens; then RP, RD, 

, are continual proportionals, where P and F mu 

| e the ſame way from R. 


# "2 einn r 


Let the focal diſtance DP or Dp = F, the reſt 
s in the laſt Prop. Then (Cor. 1. Prop. XIX.) 


R 

or DP = K =, and prR = FxXr +R. 
Wand (Cor. 1. Prop. XX.) VF or DF = 
| dprR dF Xr + R 2 
xr +R—pR dxXr+R—FXr+R 

E ND and RP x DF = RO X 
4— F RP n 
P, whence RP: RD :: DP: DF; and com- 
ounding, RP: RD : : RP + DP (RD) : RD + 


PF (RF). Anda like computation may be made 
Ir the concave, fig. 74. 5 


Cor. 1. RP-: RD : : DP : DF; or DF = 
11 | 


D- DP - | 
From the demonſtration. 


lens IS 2, RP: PD: : DP: F; or RP * pF = 


rats 


For 


a - — = 


122 | 
ze; For (Cor. 1.) RP : RD: DP: DF; andy 


Fi 
EL 


1 


73. 


74. 


DIOPTRICS. 


diviſion RP: RD = RP (PD): : PD: DF bp 
(pF). | t 


Cor. 3. pF is always reciprocally as RP; ad thy ö 
he contrary ways from p and P. | 


Cor. 4. Rand F are conjupate foci to one another, 
and when they are on the ſame fide of the lens, the in 
cident and refracted rays diverge both from R and F, 
or elſe both converge to Rand F. And the contrary 
when on different fides. 


PROP. XXII. 


If Av be a lens or ſphere, F the focus of ther Ml 
fracted rays which flow from the radiant point R, 
the principal focus. Then RF: RD: : DF: B55 
the principal focal diftance. | 

For (Prop. XXI.) RF: RD: : RD: RP, an 
by diviſion, RF: RF — RD (DF): : RD: RD 
— RP (PD or pD). 


Cor. 1. In @ convex, the principal focal diſtant i 


D? = RD DE © 
e, r — DF . (1 
Cor. 2. RF: DF: : DF: pF, or PF N F 

gr 
Px DF, KH 


For ſince RF: RD : : DF: Dp, by diviſia 
RF: RF. — RD (DF) : : DF: DF — Dp, (pF. 


Cor. 3. Hence, the focus F may be found geometrs 
cally thus. Let P be the principal focus; with It 
center D and radius DP, deſcribe the arch PG, 12 


. u. DIOPTRICS. + 
big am incident ray RA, in G. Foin DG, and draw Fig. 
AF parallel to it, cutting - the axis RD in F, then F 72, 
i the focus. 74. 
por RF: RD: : DF: DP; that is, RF: RA:: 

DF : AG, therefore the triangles RGD, RAF are 
S Gmilar, and AF parallel to GD. And all rays 
@ proceeding from G (or g) will emerge parallel to 
S GD. 


SCHOLIUM. | 
In the firſt Corol. we have a good practical 


rule for finding the Be focus of a lens, ha- 
W ving firſt found any other focus by trial. And in 
Cor. 2. we have another rule tending to the ſame 
W purpoſe, which finds the exceſs of any other focal 
distance found by trial, above the principal focal - 


W diſtance. Both theſe are very eaſy in practice. 
| PROP. XXII. 


The diſtance of the radiating point and its focus, 73. 
W made by a convex lens, that is, RF is the leaſt poſ- 
Vile, when they are equidiſtant from the lens. 


= For (by Cor. 2. Prop. XXI). RP:PD:: PD: 
F. Now if RP = pF, then the ſum of the ex- 
8 tremes RP, pF is equal to the ſum of the means 
8 2PD, which is conſtant. But in any other caſe 
( Fropor. Prop. IX.) the ſam of the extremes RP, 
F is greater than the ſum of the means, that is, 
greater than the ſum of the extremes when they 
are equal. And therefore RP + pf is the leaft 
when RP = pF, and adding Pp, the whole diſ- 
dance RF is the leaſt when RP =pF, and conſe- 
quently when RD = DE. a | 


Cor. The radiating point and its focus is at the 
le aſt diſtance, from each other, when each of them is 
tant from the lens, twice the principal focal diſtance. 

For 
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Fig. For then RD = RP =_ PD = 2PD, and DF - : 
73. Dp +?F = 2Dp = 2DFP; | 


P R O P. MIV. 


75. An oblique pencil of rays SAGC, has its focu 
a little nearer the lens, than a dirett pencil RAFC, i 


For if DS = DR, then the angle CSA will ii” 
ſomething leis than the angle CRA ; and up 
that account the rays SA, SC, will be ſoon; ? 
brought to interſect at G, than the rays RA, R fe 
do at F. But further, the rays RA, RC, fall 
it very nearly perpendicular to the ſides of the lei 
it AC, HN, are leſs bent, than the rays SA, (8 - 
i which fall obliquely on both ſides the lens. Fall 
i the more oblique they are, the more they are ben 
it and turned out of their direct way. And conk 
quently the oblique rays SA, SC will ſooner ve 
terſect in G, than thoſe at F. But ſince the ang 
(| RDS is generally very ſmall, the difference h 
„ tween DF and DG will likewiſe be very ſmall, 


Cor. 1. The focus of an oblique pencil, by a fn 
refradtion is nearly at the ſame diſtance as of a din 
pencil. | 

For in both caſes the extreme rays will interk 
the ray which paſſes thro? the center of the ſutſi 
AC, at the ſame diſtance, PP. 


Cor. 2. This Prop. holds good in a concave lu n 
and alſo in a meniſcus, as well as in a convex one. 

For in all caſes the more oblique the rays 
the more they are bent, and the ſooner they will! 
terſe& a direct ray paſſing thro? D the center of i 
lens, by Cor. 2. Prop. XVII. But I endeayou! 
avoid drawing a multiplicity of figures. 


PRO! 


bd 


u. bir 


A convex lens collefts the rays nearer Pogether, and 
concave one diſperſes them. 


For rays that are refracted at a convex lens, are 
nt at the points of refraction ſo, that they incline 
Wore towards one another than before: but in con- 
ves the rays after refraction, being bent the con- 

Wary way, are made to ſeparate more from one an- 
ber. And this will be ſo whether there be one 
racing ſurface, or two ſuch ; or if there be more. 

Wor every ſucceeding refraction, adds to the effect, 
making the rays either canterge or g 0 
Wuch the faſter. | 


Cor, 1. Converging rays are made more converging 
a convex lens; and diverging rays are made more 
verging by @ Concave. ' 


Cor. 2. A meniſcus has the properties of a convex 
aſs, when the inner radius is the greater. And of 
concave, when the inner radius is the leſſer. Ex- 
pt when the two ſurfaces are concentric, and then 
belongs to neither; for the rays will emerge parallel. 


Cor. 3. A lens or ſpettacle glaſs proper for an old 
ſon, muſt be ſuch as to make the image of an objeft 
pear at that point where be can ſee that object diſ- 
nitly with his naked eye; and the ſame is true of « 
meave, in reſpect of a ſhort-ſighted ate 


SCHOLIU M. 


From what has been before laid down, Ta pro- 
erties of all ſorts of ſingle lenſes may be deduced 
or practice as follows. 

Let R, F, be conjugate foci; P, p the princi- 
dal foci ; then, 


> Pa- 


UN 96 
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rig. 


DIOPTRICS. i 
1. Parallel rays falling on one ſide of a conv if 
79. lens A; will be refracted to P or p on the oth« 


ſide. 
2. Parallel rays falling on one fide of a concay 


lens A; will by refraction, diverge from P or ga 


the ſame ſide. 
3. In a convex lens A, rays diverging from 
or 0 ; will emerge parallel on the other ſide. 


In a concave lens A, rays converging to Pu | 
P3 „il emerge parallel, going out of the lens «nM 


the ſame ſide. 
5. In convex lenſes, rays diverging from R be. 


 yond P; will converge to F beyond p. And the 
cor 


6. In convex lenſes, rays diverging from R whi 
is nearer than P; will diverge from F, on the ſame 
{fide with R. 
In convex lenſes, rays converging to F, vil 

by refraction converge to R, nearer than P or 7 

8. In concave lenſes, rays converging to R, be 
yond P; will diverge from F, beyond P, and xt 
contrary. 
9. In concave lenſes, rays. converging ta F, 


, nearer than p; will by retraction converge to B, 


beyond F. 

10. In concave lenſes, rays diverging from R, 
beyond p; will after retraction diverge from | 
nearer than p. 

11. In concave lenſes, rays diverging from R, 


nearer than p, will diverge. from F, nearer gl | 


than p. 

Note, I reckon a meniſcus, CONVEX or CONCAVE, 
according as the center of its inner ſurface is fut. 
ther off, or nearer than the center of the out- 
ward ſurface. | 


And 


* K dad. iam | 
— 
— 
4 ” 
. 
. 
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MW And in all theſe, caſes, the conjugate foci F f, Fig. 
ire ſo ſituated, that it will always be, 1 
| RA: PA or PA:: RF: AF:: AF: pF 

or RP: AP :: RA: AF:; : Ar FE. 

or RP: RA :: RA: RF:: PA: AF. 
Any of theſe rules will ſerve to find the conjugate 
focus. All this appears from what has been before 
demonſtrated; particularly from Cor. 4 and 5, 
Prop. XX, where the rules for diverging rays for 


ot 
0 WS convex glaſſes is 2 focal diſtance 3 and 
Any 


+ 1 dr A . 

„ for concaves, * focal diſtance, And 
it is the ſame thing whether the rays diverge for 

a E | convexes, or converge for concaves; all the quan- 

me WS cities are the ſame in both, and have the ſame ſitu- 


| ation. Therefore if a convex and a concave have 
che ſame principal focal diſtance; and if a ray 
diverge from any focus in the convex, and ano- 
cher ray converge to the ſame focus, thro' the con- 
cave (put in its place); then will both have the 
ſame conjugate foci, And in their motions, they 


, vill deſcribe ſeparate parts of the ſame lines. 
„The properties of lenſes, or refracting ſurfaces, 
& demonſtrated in the foregoing propoſitions, hold 
good in regard to the foci, ff the mediums be 
changed; provided you make the rays of light go 
g contrary ways thro' the foci, to what they do in 
R, cheſe propoſitions. That is, if you ſuppoſe the 
itil Wh rays going out of a denſe medium into a rare one, 
or to be refracted out of a denſe medium thro' 
we, lenſes of air, or ſome rare medium; you muſt ſup- 
fur. poſe the rays to converge inſtead of diverging, 


and to diverge inſtead of converging ; and then 
] the focus will be found by the foregoing Rules. 


PROP. 
And 
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ſun, hold a white paper behind it, to receive then : 


\ meaſure the diſtance of the lens from the objed 


 DIOPTRECS. 


PROP. XXVI. Prob. 
To find the principal focus of any lens. 


10. 
Hold a convex lens perp. againſt the rays of H 


fracted light, which will make a round white full Has 
upon the paper. Move the paper back and tMFF! 
ward till this ſpot, which is the ſun's image, Wl 
the leaſt poſſible; there fix it. Then the diſtaf 
of the paper from the Tens, is the focal diſtancen 
quired, or the burning point. 


2 Way. © 
Cover one fide of a convex lens with papt 
having ſeveral holes made in it with a pin; a 
placing the glaſs directly againſt the fun beam 
the light paſſing thro' the holes will make fo nu 
white ſpots upon a paper held behind it. Mon 
the paper back and forward till all theſe ſpots d 
incide in one; there is the focus. And the diſtant 
of the paper from the glaſs being meaſured, gin 
the focal diſtance. N 
3 Way. 


Place a convex lens fo, between any object (4 
window in the day, or a candle in the night) A 
a white wall or paper, that the image of the obj 
may be painted diſtinctly thereon, which may d 
found by moving the lens back and forward. Th 


and alſo from the image. Multiply them tog 
ther, and divide their product by their ſum, 6 
quotient will give the focal diſtance, by Co. 
Prop. XXII. Or (Cor. 2.) divide the ſquare 
the diſtance of the obſerved focus, by the diſtand 
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r the object from this focus, gives the exceſs above Pig. 
he principal focal diſtance. If the lens be in the 


idway between the object and image; then half 
the diſtance of the lens from either of them, is the 


focal diſtance. 


; . 
Cover one ſide of a concave lens with paper, 
8 Having two holes made with a pin, diametrically 
' Wheppolite to one another. The lens being expoſed 
o the ſun beams, and a paper held behind it; the 
"Wight paſſing thro' the lens will make two white | 
pots upon the paper. Move the paper back and | 
forward, till the diſtance of the two ſpots on the 
aper, be twice the diſtance of the two holes in : 
fe cover; then the diſtance of the white paper 
rom the lens is the focal diſtance. 


6 
* 
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PRO. Pro. 


- To find the vertex or center of a lens. 


1 Way. 


Hold the lens at a proper diſtance from the eye, 

and obſerve the two reflected images of a candle, 

made from the two ſurfaces. Move the lens till 
the two images coincide, and that point is the ver- 

tex. And if this be in the middle of its ſurface, 

the lens is truly centered, otherwiſe not. 


2 Way. 

Draw two black lines AB, KL, croſs one ano- 84, N 
ther upon a white wall, or rather on paper. Take 
the lens CDEF, and holding it directly be- 
tween your eye and the two lines, and parallel to 
the wall. Move it to the right and left, and you'll 
ſee the part gh of the line AB, which appears thro? 
the glaſs, to moye back and forward. Hold the 
K | claſs 


130 DIOPTEGSCS. _ 

Fig. glaſs at laſt, ſo that gh may coincide with AB 

84. then does AB paſs thro* the vertex or center «ff 

the glaſs. Repeat the ſame thing with the line KW 

and the part 20; moving the glaſs up and dom 

till they coincide. Mark the point Z on the glu 

where AB, KL interſect, whilſt gh, uo, coincù al 
with them, and that interſection Z is the vertex, 

Note, it may be as well to fix the glaſs, alli 

| \ move your eye, till AgB, and KL, be two coi 

tinued right lines, whoſe interſection gives the verei 


PROP. VIII. 


Is berever the rays, which come from all the pin le.! 
of an objetl, meet again in ſo many other points, h 
which they converge by refraction; there they u in 
make the picture of the object upon any white boch uM 
which they fall. 


35. Let PR be any object, AB a lens. The m 
that diverge from any point Q fall upon the lem mne 
and are retracted to their focus q, where they al S 
meet, and make the image of Q upon a paper hell 
there. In like manner the rays which diverge frol 
P, are refracted to their focus p, and there gm 
the image of P; and the rays diverging from 
are refracted tor, and make the image of R. A 
thus, from all the intermediate points of the objes 
the rays proceeding to the lens, are refracted tos 
many correſpondent points in the focus; and vl 
all together make there the image pgr of the ob 
jcct PQR, in its proper ſhape and colours. Bi 
chen the picture 18 inverted or turned upſide do], 
and the right ſide to the left. 


Cor. 1. Rays flowing ſrom all the pcints of an a 
je, as PR, paint the image thereof pr, in ihe tt 
focus g, and may be ſeen there upon a white paper 
er without the paper it may be ſeen there banging, 


— 
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\ : 

: aftion diverge to the ſpettator”s eye. 


| Cor. 3. Rays flowing from any point of an object, 


% be. ſo refracted, as all to meet again in ſome other 
on,, to give the image of that point. * 
For if they ſhould fall upon different points, it 
Would breed nothing but confuſion, for different 
Points cannot repreſent that one point from which 
Wc rays come. All the rays flowing from the ſe- 

eral points, muſt go to as many correſpondent 
Points, to make the compleat image of the body. 
And this will appear on a paper held there; or if 
here be no paper, the rays will diverge from that 
mage, as from the body at firſt; and therefore 
nay be ſeen by an eye placed behind it, for the 
ame reaſon that a body is viſible by che rays flow- 
g from it at firſt. | 


PROP. . 


| The image of a right line immerſed in water, or 
any fluid, is concave towards the eye; and is ſituated 
n a plane paſſing thro the eye. 


11 Let the line AB in the fluid be parallel to the 
face RS, and the eye at E directly over it. Then 
gu Cor. 6. Prop. IX.) the focus of the point C 


sat G, fo that DG = I DC. But (by the ſame) 
s the eye moves towards R or S, G will ſeem to 
iſe; or which is the ſame thing, as G moves fur- 
her off to F or H, it will ſeem to rife up, till it 
get to the furface RS; therefore RF and SH con- 
nually grow leſs and leſs. That is, the focus of 
1 and B are nearer the ſurface, than G or the 

K 2 focus 


be air, by an eye at O, placed at a proper diſtance; Fig. 


121 


56 or 8 inches, &c. behind the focus. 1902 6. 
mn Cor. 2. An objef ſeen by refrattion, appears in 
, place, from whence the rays after their laſt re- 

1 


86, 
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Fig. focus of C; and conſequently the image FOH; 
26 concave towards RS. | 
If AB is not parallel to the ſurface, yet as on 
art is raiſed as much as the other is depreſſed, te 
image will {till be concave, and that if the eye vi 
moved out of the perpendicular ED. And ii 
plain that at firſt paſſed thro* EFABHG, will a 
paſs thro' EFGH, when the eye is moved lat 
rally. 


Cor. 1. If the ey? at E was in a denſe medin 
and the line AB in à rare one. The points A and} 
gt a diſtance from C, would ſeem to deſcend ; an 
the image of AB <vould be convex towards the Io 
face RS. 

For here G would be the object and C the! may 
and if FGH be reduced to a ſtrait line, ACB wil 
be reduced to à curve convex towards G. Hen 
therefore 


Cor. 2. A right line ſeen thro any medium tt 
minated by parallel planes, will appear a right lin, 
For the two retractions correct one another, hay 
ing contrary effects. 


Cor. 3. A plane ſurface immerged deep in waltt 
or any fluid, will appear concave to the ge. 


Cor. 4. The image Ky a foort 1i:hi line immergd 
in waltr, does net ſenſibly diger from a right lint. 


FRO AXX; 


The image of a right line made by reſrection thn 
2 leas, 15 concave towards ide lei: 


8&7. Let AB be a lens, PR a right line directhy & 
poſed to the lens. Then (by Prop. XXIV.) i 
P, Q, R, were equally diſtant from the Ene 
an 


—_  — —  . —— —— —— PE z * — 
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face RS. 


or any fluid, will appear concave to the eye. 
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focus of C; and conſequently the image FGH jg 
Concave towards RS. 

If AB is not parallel to the ſurface, yet as one 
part is raiſed as much as the other is depreſſed, the 
image will {till be concave, and that if the eye be 
moved out of the perpendicular ED. And 1 
plain that at firlt paſſed thro' EFABHG, will alſo 
paſs thro EFGH, when the eye is moved late 
rally. = © 


Cor. 1. If the eye at E was in a denſe mediun 
and the line AB in a rare one. The points A and}, 
gt a diſtance from C, would ſeem to deſcend ; and 
the image of AB would be convex towards the ſun 


For here G would be the object and C the i image, 
and if FGH be reduced to a ſtrait line, ACB wil 


be reduced to u curve convex towards G. Hence 
therefore 


Cor. 2. A right line ſeen thro any medium ter- 
minated by parallel planes, will appear a right line, 
For the two retractions correct one another, hay. 
ing contrary effects. 


Cor. 3. A plane ſurface immerged deep in waler, 


Cor. 4. The image of a bort ii hi line immergul 
in waler, does not ſenſibly dier from a right line. 


4+ 


RN. . 


The iinage of a rigbt line made 2 reſracgion thri 
2 lens, is concave towards the les 


Let AB be a lens, PR a right line directly er 
ofed to the lens. Then (by Prop. XXIV.) l 
b, Q, R, were. equally diſtant from the lens, ; 
| an 


FI NM 
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line, P and R are further off than Q, and that brings 


conſequently 79p is more curve than before, and is 
concave towards the lens. And (from Cor. 2. 
Prop. XXIV.) the ſame holds good in a concave, 
and meniſcus. 3 


Cor. 1. The image of a right line made by one re- 
fraGion of a ſpherical ſurface, is alſo a little conctve 
towards that ſurface. . 

For ſuppoiing rpg made only by the firſt refrac- 
tion. Then if P, Q, R be equidiſtant from the 
lens; (by Cor. 1. Prop. XXIV.) p, 3, 1 would 
alſo be equidiſtant. But ſince P and R are ſome- 
thing further than Q; r and p will be ſomething 
nearer than ; or 79p will be a curve line. 


Cor. 2. The image of a ſhort right line, made by 
refraſ ion thro* a lens, or thro a ſingle ſurface, does 
t ſenſibly differ from a right line. ae: | 
For the deviation of the image of a very long 


line, from a right line, is but very little curved, 
and ſcarce perceptible. 44 


Cor. 3. The image of a circle refradted thro* a lens, 
to which it is concentric, will be nearly a circle alſo 
eoncentric to the lens, Or thro a ſingle furface. 

For being concave to the lens, a ſmall part of it 
does not ſenſibly differ from a circle; whether it 
be thro? a lens or thro? a ſingle ſurface. 


Cor. 4. The image of a plane figure, made by re- 
fraction thro* a lens, is concave towards the lens; 
tho" in a ſmall figure it does not ſenſibly differ from 4 
Plane, Aud the ſame thro a ſingle ſurface. | 


K 3 PROP. 


and p would be nearer the lens than g, and there-. 
fore rqp is a curve line. But POR being a right 87. 


133 
Fig. 


the focus p, and focus r nearer the lens ſtill; and 
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PROP. XXXI. a 


T be objeft and its image made by a lens, fallin 
equal angles at the lens. | 


88. For let D be the center of the lens AB, PQR 
89. the object, pgr its image. Then (Cor. 2. Prop, 
XVII.) PDp is nearly a ſtraight line, and likewt: 

Dr is alſo a ſtreight line; conſequently the ang: 
PDR ſubtended by the object, is equal to the an 
gle pDr ſubtended by the image, the angular poin 

being at the center of the lens D. 


Cor. 1. Hence the objeft and image are equal, whn 
they meet together. 


64. Cor. 2. The object and image made by a ſingle u. 
frattion, ſubtend equal angles at the center of the rt 
fradtiug ſurface, 

For the unrefracted rays flowing from the ex 
tremes of the object, paſs thro? the center; and 
the object and image are contained between theſe. 


PROP. XXXI. 


88. The length of an objef, is to the length of it 

89. image, made by a lens; as the diftance of the oljti 
from the center of the lens, to the diſtance of the inis 
From it. os 


For (Prop. XXXT.) the angles PDR and pDr be 
ing equal, the triangles PDR, pDr are ſimilar; C 
being perp. to both PR and pr. Therefore PR. 
.pr:: PD: D:: DQ: Dq. 


Cor. 1. The magnitude of the objels (as to ili & 
rea), is to the magnitude of the image; as the Jy, 
0 


"$55 
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of the objecbs diſtance, is to the ſquare of the image's Eig. 

: 88. 


tance, from the ns. | 

% or 8 22 as the ſquares of the diameters. 89. 

Cor. 2. F T be the principal focus of the lens; 

hen the diameter of the object, is to the diameter of 

be image; as QT: is to TD. | | | 
For PR : pr : : DQ: Dzy: : (Cor. 1. Prop, , 
XXI.) QT: 1D. 55 


Cor. 3. Hence a convex magnifies an object, when 
i is nearer than twice the principal focal diftance : 
but if further off, it leſſens it. That is, in the firſt 
aſe, the image is bigger, and in the ſecond, the object 
x bigger. 


Cor. 4. In all caſes @ concave lens diminiſhes an 
object, or the image is leſs than the object. 


Cor. 5. The length of the object, and the length 
of its image made by a ſingle refradtion; are as their 
diſtances from the center of the refracting ſurface. 

For (Cor. 2. Prop. XXXI.) they make equal 
angles at that center. 8 


Cor. 6. A plain glaſs, eſpecially if it be thick, 93. 
hapnifies a body. 5 

For CD, EF being parallel, AC is parallel to 
EO, and BD to FO. Therefore AB, thro? the 
glals CF, appears of the magnitude ab. . 


Cor. 7. If the objef be cloſe to the len: it 8 very 
2 magnified thereby : or if the eye be cloſe to the 
ens, EN. | HE . 
For every part of it appears nearly, in the 


PR: Place it is really in. 


Cor. 8. The apparent magnitude of a bedy, is as © 
ele which the image appears under to the eye in 
/ % Place. wh at tant. 


K 4 PR OP. 
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Fig. . L. dee in n | : 


88. 
89. 


88. 
89. fide of the lens; the image will be ere}; F they be 


90. 


PROP. XXXIII. 
| If T be the principal focus of a lens; then th 


diſtance of the object PR from the lens, is to the diſ. 


tance of the image pr; es QT to TD. 


For (Cor. 2. Prop XXXII.) QT: TD : : dia. 
meter of the object: diameter of the image : : 
(Prop. XXXII.) DQ : Dg. . PL 
Cor. Whea QT = TD, the image is equal to the 
obyeet. | 88 

PROF: I. 


If the objeft and its image be both on the ſant 
on different fidts, the image will be inverted. 


F or when the rays keep the ſame poſition till they 
come at the image, then the image will have the 


ſame poſition as the object, and that is when they 


are both on one {ide of the glaſs. But when the 
rays croſs one another, before they come at the 
focus, or where the image is, and that is when 
they paſs thro* the glaſs ; here the rays from the 
upper part of the object go to the lower part of 
the image, and the riglit to the left, &c. that is, the 
image will then be inverted. Thus P and p, alſo 
R.and r, lie contrary ways by the convex lens ; 


and the ſame way by the concave one. 


Cor. 1. When the object and image are on different 
ides the lens, as the object approaches the lens the i. 
mage recedes from it; or if the object recedes, the i- 
mage approaches it. In general, if the objett Q from 
an infinite diſtance approaches D, the image flies fron 
the principal focus t to 3; and when Q arrives at tit 
principal focus T, q is infinitely diſtant. : 
$4 25 01 


—— 


. 
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For (by Cor. 3. Prop. XXI.) QT and #9 are Fig. 


FE teciprocally proportional. 


= Cor. 2. F the object and image be both on one fide 91, 
„ the lens; if the abject moves towards the lens; the 
nage alſo moves towards the lens. And if the object 
noves from it, the image moves from it. ; 

For if 7 is the principal focus, 1 is reciprocally 
as {Q, by Cor. 3. Prop. XXI. 


Cor. 3. In a convex lens, if the object be beyond 9a. 
the principal focus, its image will be on the other fide 
ef the glaſs inverted. But if the object is nearer than 
the principal focus, the image will be on the ſame 
fide of the glaſs,. erett” 
For in the motion of Q to T, 14 becomes infi- 
mite at T, and whilft Q goes from T towards D, 
q comes up on the ſame fide of the glaſs with Q, 
and then the image becomes erect. | 


5 Cor. 4. In a concave lens, the object and image 
he | omg 7 8 
m Nee always on one fide of | the lens. | 
he Cor. 5. The diſtance of the image may be increaſed 
the Wi 2; pleaſure, and alſo its magnitude; by bringing the 
0 objeft nearer the principal fe ocus. 

1 PROP. XXXV. Prob. 

Having a lens whoſe principal focal diſtance is 71. 


allo 


ns; WY known, to find the diſtance of an objef, that its. dia- 


meter may be to the diameter of its image, in the given 
1 Talio of a to 1. 1 

, g This is eaſily reſolved by Cor. 1. Prop. XX. 
mn For ſince 4: F:: 4: 13 therefore = = f = 


(ro pdxR N 5 . 
)))) er bs i 
FF PREM 


For there- 
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Fig. therefore dx # + R = aprR +/R=a+1xth C 
7 whence 4 = 3 X pr R. Let t = principal fo * 

1 85 x 
cal diſtance; then (Cor. 1. Prop. XIX.) ti = * 
. 1 , and therefore d = ? X# + 1. hi 


Cor. In like manner, if all the quantities, f. 5. l 
r, R, except one, be given; that one may be found 
pdr R 


dxr +R—prR : 


reſolving the equation f = 


PROP. XXXVI. 


The image made by a lens, becomes viſible, by placing 
the eye to receive the diverging rays going from tht 
image, and at a proper diſtance for diſtintt viſion. 


To ſee the image, one muſt behold it as one 
would do any other viſible object. And conſe 


quently in order to ſee it, the eye muſt be placed 55 
in the diverging rays, ſo that they may enter the 
eye, and thereby make the image viſible. But it wy 
cannot be ſeen in any other ſituation, than in the 
diverging rays ; for if theſe miſs the eye there ca WM ( 
be no viſion, For as all the points of any viſibe D 
body are radiant points, ſo all the points of a MW} 
image are radiant points, each in its proper pencl 
of rays iſſuing therefrom. All the difference 1 Whot 
the image can only be ſeen, when the eye is placed N the 
in thoſe pencils; whereas a luminous body, tha: 
ſend rays every way, may be ſeen in any ſituation. A 
55 
Cor. 1. The image made in the air by the lens, n 14 
not only be ſeen by the eye placed in the diverging rays; cu; 
but it may be ſeen upon a paper, placed in the focus | 
of the glaſs. | | an 


Cor. 
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Cor. 2. F R be an objef, F the focus; then to Fig. 
an eye at O, beyond the glaſs ;, the object R ſhall ap- 92. 
wear at F; and therefore it is magnified. 

For an object appears to be ſituated in the 


place, from which the rays come laſt to the eye, 
hich is at F. | | 


Cor. 3. Concave glaſſes, make objetts appear nearer, 8g. 
maller and fainter than they are. —_ 

For by the ſpreading of the rays, by the refrac- 

tion of a concave, ſome of them miſs the eye; 
which would fall upon it if the glaſs was not there. 


Cor. 4. In a convex lens if the eye be placed be- 88. 
tween the glaſs and the real image; the image will ap- 
ear ere, but confuſed, and nearer the eye. 

For the rays do not croſs one another before 
they come to the eye. As if the eye was between 
D and 4, there is no croſſing but at 4, and the eye 
takes them before they come there. It appears 
nearer the eye, becauſe it is confuſed ; for experi- 
ence has taught us, that objects very near the eye, 
always appear confuſed ; and therefore thro* cuſtom 
we judge theſe objects always to be near the eye, 
which appear confuſed, 


Cor. 5. Likewiſe if the eye be placed either between 
D and g, or beyond q, and you look with both eyes ; 
the object will appear double. 

For in ſuch a poſition, the axis of the eyes can- 
not both of them be directed to the ſame point of 
the image, to make it appear ſingle. | 


Cor. 6. If a convex lens be fixt in the window 
fout, and the room made dark, the pictures of exter- 
nal objects will be painted upon a paper held in the fo- 
us of the glaſs. TY 
For by Cor. 2. the images will be found there, 
and if the objects are very luminous, and the 
Cor. room 
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Fig. room dark, they will appear bright, and in they Ve. 
proper colours, but inverted, a 1 
V 
P:R OP. II. E 
el 
94. If an oljed PR be placed in the principal focus bei 
of a lens AB, its apparent magnitude at any plu oe 
whatever as O, beyond the lens, well be invariably th 3! 
ſame; and equal to the apparent magnitude when lou 
from D, the center of the lens, with the naked q.. * 
SEE | ; cus 
Foig by Cor. 10. Prop. XX.) all the rays of the 
penciFPAD, will emerge parallel to one another, ¶ Ihe 
and to the axis PD; and therefore the angle DOa Wpla 
will be equal to QDP ; but (Cor. 8. Prop. XX XII) Nit a 
DOA is the apparent magnitude of QP, ſeen by ma; 
refraction at O, and ODP is the magnitude as ſeen ane 
from D. Therefore < QDP = S O = < LM 
= <1I, (which meaſures the apparent magnitude ¶ Ver 
of PQ,) whether the eye be placed at O, L, dit 
&c. ud 
| | | | ma 
Cor. 1. Hence the apparent magnitude of a bo Wit i 
placed in the principal focus will always continue th 
ſame, however the eye is moved backward or forwarl 
from the lens. | : 
Cor. 2. The nearer the eye is ta the lens, the mit oh 
of the object appears; and the further off, the % 
it is ſeen. 6 Om 10 g 
For the eye at O can ſee no more of the objed 3 
than P; but at L, ſome parts above P may be = 
ſeen by rays coming from thence thro' A to L 
But if the 'eye be removed 'back from O, the ra # 
AO will then miſs the lens, and the point P wil A 
not be viſible. ; 
Cor. 3. If the object be nearer than the princip® I bbe 
focus, its apparent magnitude grows leſs in going fron I ob 


tht 
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he glaſs. F the object Sf 4-20" the apparent mag- Fig. 
itude increaſes, in going from it. x f 
When the object is nearer than the principal fo- 
us, as at R (fig. 92,); then the focus F, and image 
here, will be on the ſame ſide of the glaſs; 
therefore the eye at O going further from the glaſs, 
goes alſo further from the image at F, and upon 
that account, it will appear leſs and leſs, but by 
ow degrees. | 

But when the object is beyond the principal fo- 
us as at Q (fig. 90), then the focus 4 will be on 
the contrary ſide of the glaſs; that 1s, it wiihe on 
the ſame ſide with the eye. Then let the eye be 
placed beyond ꝗ to view the image there; and as 
it approaches q, the apparent magnitude of the i- 
mage will grow bigger and bigger (being as the 
angle it appears under), and at 3, it becomes infi- 
nite, and infinitely confuſed, and begins to be in- 
verted again. Then proceeding ſtill from g to D | 
it decreaſes again from infinity to a given magni- ——I 
tude, So that on either ſide of 9, its apparent | 
magnitude will be as the diſtance from 3, therefore | 
it increaſes going from D till it be infinite at 3. 


SCHOLIUM. 


There are other phenomena of glaſs lenſes, re- 
lolvable the ſame way, ſuch as the following. 


7 of 1, If the eye be fixt in the principal focus, the 
apparent magnitude of an object will be invariably "2 
je the ſame, wherever the object is placed beyond 1 
be dle glaſs. b | i 
SE 2. If the eye 1s fixed at a leſs diſtance than the | 
raf principal focus; the apparent magnitude of an ob- j 


ject is diminiſhed, as it is further removed from N 
the glaſs, but by ſlow degrees. | 
3. It the eye be fixed at a greater diſtance than 
ipal be principal focus; the apparent magnitude of an | 
from WW object is increaſed, as it is removed from the glaſs; 

till | 
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Fig. till it comes to the conjugate focus, in reſpect u 
the eye; and then it becomes infinite, and ink. 
nitely confuſed, and begins to be inverted ; and 
going further off, it is diminiſhed again. 
4. If the eye and object be fixt, and a cony Nan 
lens be moved from the object to the eye; the ap 
parent magnitude of the object increaſes to the 
middle, and then decreaſes to the eye. When i 
comes into ſuch a poſiticn, that the eye and objed 


are conjugate foci, the object is infinitely con. 
fuſed. | 

5. If the eye and object be fixt, and a concar 
lens be moved from either of them to the other; > 
the apparent magnitude of the object will decreat 
to the middle, and then increaſe again. 

The apparent diſtance 1s reciprocally as the ap 
parent magnitude; and in general we judge the 
apparent diſtance of an object to be the very ſame, Wi, 
as we ſuppoſe the diſtance of a real object to be, 
from which the rays come to our eyes with tie 
ſame degree of confulion. 

The apparent magnitude, as has been obſervet 
before, is in all caſes, reciprocally as the diſtance 
of the eye from the image, or directly as the at 
gle it ſubtends; and that whether the rays diver 
or converge, or whether the image be before a 
behind the eye. But the image hardly ever ap 
pears diſtinct in any of theſe caſes. 


P R OP. XXXVIII. 


88. The brightneſs of the image pr, formed by the = 
AB from the luminous object PR; will be as 57 
the arga of the lens direfly, and the ſquare of i 
diftance of the image recprocelly. 


For the brightneſs of the object being oo 
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«ly as the magnitude of the object, and that of 
he lens, and reciprocally as the ſquare of the diſ- 
ance. Therefore: the light falling on the picture 

a8 ER & AB* 
p 5 3 5 


or the brightneſs of the image, is as the quantity 


But the denſity of the rays, 


et of light directly, and the area reciprocally, that is, 
o., b 455 But by ſimilar triangles (Prop. 
D* x rp* | 
2 KXXI) PR* — = ; therefore the brightneſs is 
' 7 * 7 1 


e, Op. A. 
QD* x qD* qD* | 


wp 
the B Cor. 1. If the brightneſs of the objelt be increaſed 
* n any proportion, which call B; then the brightneſs 
1 AB* 


f the image will be as PB. 


ved Cor. 2. In very remote objefs, if f be the princi- 
anc Wa! focal diſtance, then the brightneſs of the image 
* will be as AB B. 

re dl 


For then Dq . 


Cor. 3. The brightneſs of the image increaſes with 
Ve area of the glaſs; but the diſtinfineſs of it de- 


reaſes. 
ror it is only the rays very near the vertex, that 


e hure refracted to a ſingle point, in the picture; 
AB | hoſe that are farther off deviate more and more, 


nd ſo make the picture confuſed. All this is plain 
om Prop. X. and XI, where you find different 
Proportions for the focus, when the arch 1s large 


ſefraction at two ſurfaces increaſes the error. 
| RO. 


bh quantity of light flowing from it, and falling on Fig. 
he lens, and tranſmitted to the image, will be di- 88. 


and when ſmall, in a fingle refraction ; and the 


5 = & -W--, 4 


—— 
— 


_— - —_ — - — 
— 1 = _ ——— a — 4 _— — * — — 
* . 5 — a 
, eee am i. — . IC — - 
— — — — — — — — _ .->— Mr 
a—_— A 2 
— - . - 


fre. 


' lenſes; are as the ſquares of the diameters direlth 
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PROP, KXXIX. - - ic 


Fa convex lens AB be held direttly to the 19) : 
the ſun; and a combuſtible body be heid in the pri 
cipal focus P, the. beat of the rays will ſet it 


For all the rays of the ſun which fall upon th 
lens, are refracted into the focus, making then 
the image of the ſun. And all theſe rays bei Plane 
brought into ſo ſmall a ſpace, muſt have an inten 
heat; and the more ſo, the more rays are brought 
thither, or the broader the lens is. And by incred 
ing the breadth of 'the lens, the denſity of th 
rays, and the heat thereof may be made fo gre 
as to burn or melt all ſorts of bodies placed ther 
as is evident by experiments. 21 


Cor. 1. The heat in the focus of the lens, is to th 
ſun's direct heat; as the area of the glaſs, to the 
rea of the image in the focus. 

For the denſity or heat is reciprocally as HE 
ſpace it is contained in. 


Cor. 2. The degrees of heat in the foci of Lifter | 


and the ſquares of the focal diſtances reciprocally. 
For the heat is as the brightneſs of the ſun's image 


that is (by Prop. XXXVIII.) as ay 


* 
. 
- 
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VU pon account of the ſun's rays meeting in thi 
place, and burning bodies therein, it is called tix 
focus or burning point; and the lens itſelf a bun 


ing glaſs. 


Whi 


When the ſun's rays cannot be collected into a Fig. 
focus ſmall enough to burn briſkly, as in large 95, 
glaſſes, or thoſe of a long focus; they may be 
made to paſs thro? a ſmaller lens, held in the con- 
erging rays, which will contract them, and bring 

em into a leſs ſpace in the focus. 


N. 


If AB be à plane conves lens, expoſed with the 96. 
plane fide to the parallel homogeneous rays NA, CV. 
Ind if P be the principal focus, or that of rays fall- 

me near V. and F the focus of the ray AF. m, n 

he fines of incidence and refraction out of a rare into a 

denſe medium, x = DV, the verſed fine of the arch 


W. Then the aberration PE = x. 
. IX — 


From the center C draw CN, CM perp. to 
the rays NA, MP; and put CV g a, DV x, 
. ea , DF" = 
4 + * = 22 + 2X2 — 24% + XX — 2ax+aa, 
and AP! = (AD* + DPI =) zz + 2xz — 2 
+ aa, By ſimilar triangles, AP* (zz + 2x2 — 242 
+ as.) : CP* (22): : AD* or CN* (a): CM: 
um), whence unzz = mm + 2MMxXZ — 2MMAZY 
mma — mm 


MN — 17 


T mnaa, and by reduction, z = 


n Vnnaa — 2MMAX + MMXX 
mm — un 


„and putting dd = 


um — un, and extracting the root, z = 77 N 


— 


mm _ ddammxx 1 
* 1 — 2. ER ammxx go mma + mna 
1 214 ad 
mmn + mm $13 | 
— x — — &c. = (becauſe dd = 
nad 21a 


L m + 


. III. DIOPTRICS. 145 
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Fig. 5 ma mm 1 . 
m + 1X mn — PFF l 
96. 1 * 1 N ＋ 


-* . Way 
Therefore CF — CP or PF = i + 2 
1. m— 28˙⁴ 
F mW ; 
dec. = x, nearly. Here the rays being of 
1. — 1 0 


perp. to the plain ſurface AB, ſuffer no refraQtion T 
and therefore it is the ſame thing, as if the raj 
were only refracted at the ſpherical ſurface AV, 


A 
Cor. 1. Putting AD = y. the aberration by the 
figure of the lens, that is, PF = .. 
| 2a m- di 
For 3y = 24x — xx = 2ax nearly, and x = =— 


24 


Cor. 2. The aberration by the Aobericaloel of tht let 


figure, is as the verſed fine, or as the ſquare of ii 
cord, of half the arch AV. 


Cor. 3. The aberration in length PF, of a plan * 
convex lens, is 4% times its thickneſs, nearly. 


| ſa; 
For m = 3, 1 =2, and x =< x = 
nm — 7 2 
42 *. up 


Cor. 4. The lateral aberration FG correſponding 


mm 5 
40 PF, „„ 87 AY 
nt 2ad 


For CF = 2, and VF = 68 


1 — 2 — tt 


And by ſimilar triangles PD or FV 2 2 


u 


aa 
77 — 
: AD (9): Pr (= — H 1 K 2 


2 au. m -n in 260 


Cor, 
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Cor. 5. The aberration PF = AD* Fig- 


— 


m—N 2VF 96. 


and the correſpondent lateral aberration FG = 
me _:.. 
GIVE 

For (Prop. XIII.) the rays going into a rarer 
medium, 1: m:: VF: CF. And a: m -:: VF 
: CV; whence » x CV (or na) = m - x VF. 


Therefore PF N g e 


| ' —2 
aan xn - m—1nX2V FxXm—n | 
3 


And FG = ®Z x I = ®PXY 


nun 2a 2 X — x VF. 
Cor. 6. In a double convex lens, of the ſame facal 
diſtance ; the aberrations will be nearly the ſame as in 
the plano convex. | 
For the rays AP, VF will be nearly of the ſame . 


length as before; and therefore their difference, or 
the aberration will be the ſame. 


Cor. 7. If the rays don't come parallel. but diverg- 
ing, the aberration will be ſomething greater; and 


converging ſomething leſs ; but may be taken for the 
ſame. 


Cor. 8. If parallel rays (or any others nearly) fall 
upon the plane fide of a plano convex lens, the dia- 
meter of the leaſt circle of aberration, is & the aberra- | 
tion made at the principal focus; or 201 = + FG = = 
n AD 
un 44a mon 4V F* 

For this is the leaſt, when VE = + VB, and EV 
cuts AG in Q. And is demonſtrated exactly the 
lame way as Prop. XXIV. B. II. And hence | 


Cor. 9. The circle whoſe diameter is 2QI, contaihs 
all the rays refracted by the lens, between A and B. 
2 For 


148 
Fig. 
96. from the axis VF. 


97: 


be given, the lateral aberration is reciprocally as thi 


fleflor than in the refractor. 
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For EQ cuts AP in Q, at the greateſt diſtane: 


Cor. 10. Hence if the principal focal diſtance is g:. 
ven; the lateral aberrations are as the cubes of th 
breadths of the lens. And if the breadth of the lu 


ſquare of the focal diſtance. 


Cor. 11. If the focal diſtances and apertures of | 
refleting concave, and a convex lens, be the ſane 
The diameter of the circle of aberration cauſed h 
their figures, will be above 30 times leſs in the n. 


For (by Cor. 1. Prop. XXIV. B. II. and Cor.], 


of this); theſe diameters are 4 „ (where f the 


4kR 
focal diſtance R), and 2 x Ls (where | n= 
un 4aa 
3 
=2a), and B = y. And theſe are as andi + 
f : - i6ff nd | 
Reno th I" that is, as — to 7 ris 1 0 Cc 
EE 16 un un. 
Fram: 
or as I to — 2 or 36. 


4 Fo 
PROP. XIII. | 


Let the fine of incidence, going out of a denſe nt. 
dium be n, the ſines of refraction, (into à rare mM 
dium) of the leaſt, the mean, and the moſt refrangi- 
ble rays be p, in, . Then if a plano conves lens H 
expoſed with the plain ſide to the ſun , the diameter if 
the circle of aberration IK (by the different refratt 
gibility), is to the diameter of the lens AB; as q —h 
toq + p—2n. 


| Becauſe all the rays fall perp. on AB, they are 
only retracted by the ſurface AVB. Draw the 1# 


dius 
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ius CAL, and the axis CVF, and RAG, SBH Fig. 
darallel to CV. And let Aff and BKf be the 95. 
eaſt refrangible rays, and AFK, BFI, the moſt 
efrangible. Thro' I, K draw LH which will be 
erp. to Cf. Now ſince the arch AV is ſuppoſed 

o be very ſmall, the angle ACV is ve 

mall, and conſequently the angles LAG, LAI, 

AK are likewiſe very ſmall; and conſequent- 

y the lines LG, LI, LK are nearly as the fines 

f theſe angles; therefore if LG = , then will 
I'=,, LK. =:9:-For LAG or RAC is the 
nele of incidence. Hence GI = {LI—LG =) 
—, IK = (LK — LI) q—p. And 10 = 


IK . Therefore GO or AD = (GI + 
2 


0 =) - 2 + {== . — and 2A 


Pp ＋7— 2. Therefore 2AD or AB: IK 2 2 
+4q4— 21: — 5p. And all the rays between A 
nd B, paſs thro' IK. | 


Cor. 1. Diameter of the circle of aberration IK: 


liameter of the lens AB:: | Ropes of m—N. 


2 2 
For p + q = 2m, and IK: AB:: q —p: 20-2: 


Ke  M—N. 
2 


„Cor. 2. The aberration Ff : focal diſtance f D:; 
27: ½— u. | 
1 For by ſimilar triangles, O: Ol: : D: AD; 


und 2fO or F: 201 or IK :: D: AD or ZAB. 


und FF D:: IK: AB . — i $—e 


r of 
2 


m — . 


Cor. 3. In a plano convex glaſs the diameter of the 
cle of aberrations, or that which cuts all the rays, 
i tbe 55th part of the diameter of the glaſs. And 

1. 3 : 000 


ale 


dius 
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Fig. the aberration in length, is the 27th or 28th part if 


97. the focal diſtance. _ 25 
For in glaſs » = 50, Þ = 77, q = 78. And AB 


IK 't „ (274): LL (4 55! 1. And 
D: Ef : n- (275) : qQ—þ (1). and 


Cor. 4. The diameter of the circle of aberration, 
in which all the rays are contained, that affeft th 
ſenſe, is hardly the 200th part of the diameter of th 
glaſs. 

ihe foregoing computation takes in all the rajy 
but ſince they are exceeding thin toward the cir. 
cumference of the circle of aberrations, and ex- 
ceeding denſe near the center; not above a qua- 
I} ter of that makes any ſenſible impreſſion. And 
{ therefore 4 Xx 55 or 220 to 1 will now be the «il, 
| tio of AB to KI. 10 


Cor. 5. In different als, the aberrations are 
the diameters of the glaſſes. And the angles of aber. 
ratio; are as the breadth of the glaſſes rel, ans 
the focal diſtance, inverſely. 


| 

il 96. Cor. 6. Hence if b-be the breadth of the lens, fi 
| 97. focal diſtance; the aberration by the figure of the lm, 
| is to the aberration by the different refrangibility ; a 


11 1101 bb 
TIE 10 71 — . To 
Ii n- 1 167 E 

1 For Cor. 8. — XL.) the diameter by the - 
1 um AB mm 95 


re is X = = 
on: m— N 32/1 
And the diameter by the aberration (by Cor. 1. o 


this) 1s REN the; ONS Ws Xx 6. Divide both by 3 


2 Xt — m— 1 2Xm—1 
and you have the ratio as above, 


Cor. 
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Cor. 7. In the glaſſes of teleſcopes, the error cauſed Fig. 
by the figure of the glaſſes, is quite inconſidet able, and 96, | 
may be reckoned as nothing, iu reſpect of the error by 97. 
the different refrengivility. 

For in glaſs n = 50, p =77, M=775,9= 78, 
and the error by the figure, is to the error by the 


11 6835 
different refrangibility, as 2 2 to 1. For 9— 
gibility, a — 


Ex. 1. 


Suppoſe 5 = 4 inches, F = 100 feet = 1200 
12.0588: nñ X.30 218.4... 
1440000 1440050 
and the error by the figure is to the error by re- 
fraction, as 218.4 to 1440000, or as I to 6393. 
And if the rays that affect the ſenſe be only a quar- 
ter of this, (as in Cor. 4.), the ratio becomes as 1 


inches, then 


to 1648. 
th e 
J Suppoſe 5 = 2 inches, F = 240 inches; and 


13.050þ __ 13.05 X 4 — 12.05 t2.656 


— ä 


It 240 X 240 120X120 14400 
A r and theſe errors as 1055 to 1. And if we 
5 
7 reckon only the mean rays; it will be no leſs than 
0 203 to 1; a trifling quantity for the figure of the 
_ Blais, 
From hence it appears, that the leſſer the focal 
-/ diſtance of the glafſes are, the more conſiderable 
is the error proceeding from the figure of the glaſs. 
And therefore in microſcopes, the aberration ariſing 
or L's from 
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Fig. from the ſpherical-figure of the glaſſes, may han None 
96. a ſenſible effect; by reaſon of the ſmallneſs of the 
97. ſpheres, and the large apertures required therein. Nefrac 


Cor. 8. If the breadth of a glaſs lens be + the dis. Ihe er 
meter of the ſphere; the aberration cauſed by the .be di 
gure, is nearly equal to the aberration cauſed by th phe 
different refrangibility of the rays. eſt C 

For by Cor. 6. the aberration by the ſigure is to 
the W 03 by the different refrangibility; a 

mm 


2 * 1577 to J — p. Put them equal, then 
mm bb : bl 
2 7# 7 —P, or in numbers, - X 100 


= 1. And 95⁵ = 16ff. And extracting the root, 
35 = 4f = Ax radius in a double convex = 2 di 
ameters, and þ = + the diameter. 


Cor. 9. The aberration in any lens by the differnt 
 refrangibility, will be nearly the ſame, as in a plan 
convex of the ſame focus. 
pI For in a double convex. of equal radii, the r. 
wh / fraction at each ſurface will be but half ſo much 

as at the convex ſurface of the plano convex, which 
has double the curvature. Mo 


SCHOLIUM. 


| 
Altho? glaſſes formed into the figures of the conic 
1 ſections or any other curves, could refract the rays 
| accurately to one point. Yet ſince no method has 
I been found out to give them theſe figures, by grind: 
ing them into their proper forms; and a glaſs mi 
bl be very truly ground into the form of a ſphere. 
1 | — Therefore 8 pin are obliged to make uſe 0i 
1 ſpherical glaſſes upon all occaſions. And if we had 
glaſſes in the form of any curve, we chuſe, yet 
none 


* 
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one of them can, in the leaſt, alter the different Fig. 
efrangibility of the rays. Neither can any curve 96. 
efract the rays iſſuing from the collateral parts of an 9). 
object, to a ſingle point. And therefore ſince all 
he errors of glaſſes are to be attributed ſolely to 
he different refrangibility of the rays. Therefore 
pherical ſurfaces may be of the ſame uſe as the 
eſt curves; and being ſo eaſily made, they are 


ore commodious tor dioptrical uſes, than any 
ther curves whatever. | 


of BOOK 


BOOK lv. 


The Combination of GLuassss;z andi 
 Conſiruftionof TRLEs cor ESG and M 
cos cor Es, and other Optical In 
fruments. 


* — 


—— 12 A. 


RO K I. 
Fig. To explain the Nature and Conſtruction of the H. 


A 5S the ſenſe of ſeeing is the nobleſt ſenſet 
longing to an animal, without" which 

would live in perpetual darkneſs, unable to peri 
the neceſſary exerciſes of life; and ſince all th 
has been demonſtrated of glaſſes, and will here: 
ter be demonſtrated of all optical machines, te 
only to this ſingle end, to help and improve t 
ſenſe of ſeeing. And ſince the eye is the org 
or inſtrument by which viſion is performed; it 
by its nature an optical inſtrument, and the fou 
dation of all others. And therefore it cannot | 
amiſs to give a ſhort deſcription thereof. 
ABCE is the eye, its figure ſpherical ; by real 
of which, it is eaſily moved any way in its ſocks 
The fore part at A is more convex than the 

4 It is contained in three membranes, the outermg 
| is the Sclerotica; the ſecond the Tunica choroidth 
the fore part of it is called the Iris, which conſif 


of many fibres like ſo many radii. The third | 
| mne ? 


— —— —— — —— 


C 


| 
| 
( 
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ye. 
115 theſe are contained the three humours of the 
ye ; the firſt is HAI, called the Aqueous humour, 
hich is a thin liquor like water. The ſecond is 
the Chriſtalline, in the form of a lens, more 


bird KL, called the Vitrecus humour, 

The chriſtalline 1s more denſe than the vitreous, 
and the vitreous more denſe than the aqueous hu- 
mor, and all together make a compound lens, 
which refracts the rays of light, iſſuing from an 
object PR, to the bottom of the eye, and there 
paints its image pr in the focus upon the retina, in- 
E | 
The figure of the aqueous humour is a meniſ- 
cus, and ſo is that of the vitreous. The fore part 
of the ſclerotica is called the Cornea, and that part 
adjoining to it, is called the White of the eye. 
Within the cornea is a coat called the Uvea; in the 
middle of this is a hole O called the Pupil, to let 
in the rays of light. And the pupil is contracted 
or dilated by ſeveral muſcular fibres in the uvea or 
is, according as more or leſs light falls on the eye, 
and that by an involuntary motion. | 

D is the optic nerve going from the retina to the 
common ſenſorium in the brain, where theſe images 
are perceived. This 1s not in the middle of the 
Fe, but lies nearer the ſide E, which is towards the 
noſe, | 
Round the edge of the chriſtalline FG, is a ring 
of fibres, by help of which the diſtance AC is 
made longer or ſhorter, in order to bring the image 
jr upon the retina, for diſtinct viſion. And per- 
haps theſe fibres alſo make the chriſtalline more or 
ls convex at the ſame time. This ring of fibres 
8 calied the Ligamentum ciliare; and its back part 

is 
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"nermoſt is called the Retina, which is nothing Fig. 
but the optic nerve, ſpread over the bottom of the 98. 


onvex behind towards C. Adjoining to this is the 


T's 
—— AE 93 A 2 we Ls 2 T 


— 
Pa. * 
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Fig. 18 black, to ſtifle the rays that are reflected * 1 
98. on it. | 4 


The eye is moved in the head by ſeveral muſch 
inſerted in the ſclerotica, fo that it may be quickhiM 
directed to any object Min | 72 
If the image of an object does not fall upon d 
retina at pr, the viſion will be confuſed. If it fl, þ 
ſhort, or nearer FG; then a concave lens tu 
makes the rays more diverging will bring them or 
the retina. This is the caſe of purblind or ſhon- 
ſighted people, who are forced to look very ace 
an object; or elſe they muſt uſe concave ſpectacles, Ne: 
: If the rays do not unite till they get beyond th 
retina, as in moſt old people; then a convex duet 
of a due focus, held between the eye and obj, 
will make them converge, and fall upon the por 
tina. Therefore long-ſighted people muſt uſe cor 
vex ſpectacles. BY . 
Altho' the image is painted inverted in the e 
yet we judge it erect; becauſe we always find it ng 
by cuſtom and experience. 15-230 
The diameters of images at the bottom of tit 
eye, as pr, are proportional to the angles wha 4. 
the objects ſubtend at the eye, as POR; the ſameeor 
as in a lens; and are reciprocally as the diſtance 
of the ſame object viewed in different places. e 
Ihe eye is in reality no more than a camera ob 
ſcura, for the rays of light flowing from all the Wide 
points of an object, thro' the pupil of the eye, 00 
y the refraction of the humours of the eye, pail 
the image thereof in the bottom of the eye. Jul 
ſo it is in the camera obſcura, where all the rays 
refracted by a lens in the window ſhut, or paſſing ont 
thro' a ſmall hole in it, paint the image on the if 
oppoſite wall. Some properties of the eye at 
theſe. 5 5 5 1 
1. The eye can only ſee a very ſmall part of a 


object diſtinctly at once. For the collateral * 


* 
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object are not repreſented diſtinctly in the Fig. 

Ty 52 therefore the Na is forced to El itſelf 98. 

cceſſively to the ſeveral parts of the object it 

ants to view, that they may fall near the axis 

che eye, where alone diſtinct viſion is performed. 

2. When any point of an object is ſeen diſtinctly 

ich both eyes, the axes of both eyes are directed 

\ that point and meet there. And then the ob- 
appears ſingle tho' lookt at with both eyes. 

or the optic nerves are ſo framed, that the cor- 

ſpondent parts in both eyes, lead to the fame 


ner ace in the brain, and give but one ſenſation ; and 
cles Wc image will be twice as bright with both eyes as 
| the ich one. But if the axes of both eyes are not 
en rected to the object, that object will appear dou- 


k, as the pictures in the two eyes do not fall 

pon correſpondent or ſimilar parts of the retina. 

z. The beſt eye can hardly diſtinguiſh a parti- 

e of matter that ſubtends at the eye, an angle 
fs than half a minute. And very few can diſ- 

Inguiſh it when it ſubtends a minute. If the diſ- 

ance of two ſtars in the heavens be not greater 
in this, they will appear as one. 

4. Young people can ſee nearer hand than old 

eople; for as men grow old their eyes grow flat- 

er; and to collect the rays of light at the retina, 
be object muſt be placed further off. And this is 


ob be reaſon that ſhort-ſighted people as they grow 
| the Wilder ſee at a greater diſtance. | 

„ OS 5. Tho' men may ſee diſtinctly at different diſ- 
pain Wances, by altering the poſition and figure of the 


briſtalline, yet they can only ſee diſtinctly within 
ertain limits, and nearer than that, objects appear 
onfuſed. But theſe limits are not the ſame in 
ferent people. A good eye can ſee diſtinctly, 
Men the rays fall parallel upon it; and then rhe 
mincipal focus is at the bottom of the eye. 


6. If 
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Fig. is black, to Rifle the rays that are refleQed up 7 
98. on it. (ce 
The eye is moved in the head by ſeveral muſca Int: 
inſerted in the ſclerotica, ſo that it may be quicky WW ch 
directed to any object 5 % 
If the image of an object does not fall upon Hic 
retina at pr, the viſion will be confuſed. * If it fi ch 
ſhort, or nearer FG; then a concave lens Ha: 
makes the rays more diverging will bring them Mie: | 
the retina. This is the caſe of purblind or ſhort: 100 
ſighted people, who are forced to look very ner ace 
an object; or elſe they muſt uſe concave ſpectacles, Me it 
If the rays do not unite till they get beyond the With 
retina, as in moſt old people; then a convex le Mice 
of a due focus, held between the eye and objed le, 
will make them converge, and fall upon the u. pon 
tina. Therefore long - ſighted people muſt uſe cz. 
vex ſpectacles. | | e 0 
Altho' the image is painted inverted in the eye, Mil: t 
yet we judge it erect ; becauſe we always find it ng 
by cuſtom and experience. ace 
The diameters of images at the bottom of te han 
eye, as pr, are proportional to the angles whic il 4. 
the objects ſubtend at the eye, as POR; the ſam Npeop 
as in a lens; and are reciprocally as the diſtance Her; 
of the ſame object viewed in different places. he e 
The eye is in reality no more than a camera ode 
ſcura, for the rays of light flowing from all the lde. 
points of an object, thro* the pupil of the eye, d, 5. 
by the refraction of the humours of the eye, paint Wan: 
the image thereof in the bottom of the eye. Juli 
ſo it is in the camera obſcura, where all the ray ert. 
refracted by a lens in the window ſhut, or paſſing Wonf 
thro' a {mall hole in it, paint the image on th*Wite 
oppoſite wall. Some properties of the eye debe. 
theſe. rin 


1. The eye can only ſee a very ſmall part of 2 


object diſtinctly at once. For the collateral py 
| ; 0 
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an object are not repreſented diſtinctly in the Fig. 
ve; and therefore the eye is forced to turn itſelf 98. 
cceſſively to the ſeveral parts of the object it 
ants to view, that they may fall near the axis 
fthe eye, where alone diſtinct viſion is performed. 
2. When any point of an object is ſeen diſtinctly 
ith both eyes, the axes of both eyes are directed 
\ that point and meet there. And then the ob- 
appears ſingle tho? lookt at with both eyes. 


1 Wor the optic nerves are ſo framed, that the cor- 
on pondent parts in both eyes, lead to the fame 
race in the brain, and give but one ſenſation; and 
ls Wc image will be twice as bright with both eyes as 
the With one. But if the axes of both eyes are not 
le WMirected to the object, that object will appear dou- 


e, as the pictures in the two eyes do not fall 
pon correſpondent or ſimilar parts of the retina. 
z. The beſt eye can hardly diſtinguiſh a parti- 
k of matter that ſubtends at the eye, an angle 
fs than half a minute. And very few can diſ- 
Inguiſh it when it ſubtends a minute. If the diſ- 
ance of two ſtars in the heavens be not greater 
han this, they will appear as one. 

4. Young people can ſee nearer hand than old 
teople ; for as men grow old their eyes grow flat- 
er; and to collect the rays of light at the retina, 
he object muſt be placed further off. And this is 
he reaſon that ſhort-ſighted people as they grow . 
der ſee at a greater diſtance. | 


, OE 5. Tho! men may ſee diſtinctly at different diſ- 
fan ances, by altering the poſition and figure of the 
Jul Wtriſtalline, yet they can only ſee diſtinctly within 
Lass WFcrtain limits, and nearer than that, objects appear 
* onfuſed. But theſe limits are not the ſame in 
| OY 


ulterent people. A good eye can ſee diſtinctly, 
aden the rays fall parallel upon it; and then the 
mincipal focus is at the bottom of the eye. 


6. If 


Fig. 6. If a good' eye views an object at the ly 


98. diſtance it can be ſeen diſtinctly, and then at ] 
that diſtance, and then at an infinite diſtag ur, 
there is about the ſame alteration made in the (il 10 


gure of the eye between the two laſt caſes, as the 
1s between the two firſt. 
7. If a ſhort- ſighted perſon can fee an oh 
diſtin&ly at two diſtances, whereof one is doull 
the other. As great an alteration muſt be mak 
in the figure of their eyes to ſee it at an infinit 
diſtance, as there was made for the firit two d 
tances; Or as great an alteration as 1s made in 
good eye, to ſee diſtinctly from the greater diſtand 
to infinity. And therefore a ſhort-ſighted perk 
can ſee diſtinctly at all diſtances*with a ſingle cu 
cave glaſs, of a proper figure. And hence ti 
cauſe of ſhort-ſightedneſs is not a want of pom 
to change the figure of the eye; but that chang 
is not great enough to accommodate it to all d 
tances, taken from a point ſo near the eye. 
8. A man can judge of a ſmall diftance with 
ſingle eye, by frequently obſerving how much 1 
riation is made in the eye to make the object dh 
tinct; and from this a habit of judging is acqui 
ed. But this cannot be done-at great diſtance 
becauſe tho? the diſtance be varied, the change 
the eye becomes then inſenſible. 
9. But a man can judge of greater diſtances vi 
both eyes, than he can with one eye. For ti 
eyes being at a diſtance from one another, as log 
as that diſtance has a ſenſible proportion to tl 
| diſtance of the object, one gets a habit of judg 
my ing, by the poſition of the two axes of the eſes 
1 which are always directed to that point. For dl 
i118 ferent diſtances require different poſitions, oft 

axes, which depends on the motions of the <* 
1 which we feel. But in very great diſtances, " 


judgment can be made from the motion of th 
che 
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nur, and the poſition of interjacent bodies. 

10. Whatever light falls upon that part of the 
tina, where the optic nerve D, ſprings, makes 
p impreſſion 3 and therefore if the picture of an 
ject falls thereon, it is not perceived, and ſo that 
ject is inviſible, This will appear by placing a 
nall bright object before you, and looking at it 
ih one eye, and moving your eye laterally to- 
ads the contrary ſide (towards the left, if it be 
e right eye), the object will diſappear, and ſeem 
be loſt ; and moving it ſtill further, it will ap- 
ar again. Now this place is not at the bottom 
f the eye, but nearer the noſe in both of them; ſo 
at no rays either parallel or diverging, that come 
onion any object, can fall upon that place in both 
e eyes; ſo that any object we direct the eyes to, 
1 always be viſible, at leaſt to one eye. But 
he ſame bright object may be made to diſappear 
d both eyes, by directing the axes of both eyes to 
= a little beyond the noſe, to be found by 
} dals. | | 

quill 11. Dimneſs of ſight generally attend old peo- 
eee, and this may ariſe from two cauſes, 1. by che 
Jes growing flat, and not uniting the rays at the 
tina, which cauſes indiſtinctneſs of viſion z or, 
vi by the opacity of the humours of the eye, which 
r th time joe their tranſparency in ſome degree; 
om whence it follows that a great deal of the 
o ent is ſtopt and loſt, that enters the eye; and 
very object appears faint and dim. 

eye 12. As the rays of light flowing from an ob- 


r die, and painting its image upon the retina, is 
fe immediate cauſe of ſeeing. So where there is 
o light, there can be no viſion; conſequently 


ithout light, the eye becomes a machine utterly 
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es, or their internal parts. Therefore we can Fig. 
ly gueſs at the diftance from the magnitude, co- 98. 


160 


Fig. uſcleſs ; as it can give us no manner of info 
98. tion of the exiſtence of bodies at a diſtance fromy 


poſition of the object, find the focus of the fil 


poſition as to their being erect or inverted may 


_ laſt, where if the laſt image of the ſaid point b. 


OPTICAL 


PRO.. IL 


To find the places and poſitions of the images fm, 
ed by ſeveral lenſes, or reflectors. 


There may be an infinite number of caſe, i 
this problem, according to the number of leit 
and their diſtances from one another; but any 
them may be ſolved in general thus. 

Draw a right line thro' the centers of all tt 
lenſes, for their common axis. Then having tk 


plaſs, or the place of the firſt image. This bei 
ad, and the place of the ſecond lens; find th 
other focus, or the conjugate focus of the ſecanl 
lens, or the place of the ſecond image. This k 
ing found, and the place of the third lens; find i 
conjugate focus, or the place of the third imay 
and ſo on from one to another, as long as theren 
any lenſes, till you get the laſt image. 

The places of the images being known, the 


found thus. Take a point in the object above tit 
axis, from which draw a line thro' the center d 
the firſt glaſs, and continue it to the focus, then 

ou will have the firſt image of that point, and! 
it is above the axis it is erect; but if below, 
inverted. From that point draw a line thro' tit 
center of the ſecond glaſs, to the ſecond image 
and that gives the ſecond image of that poi 
which image is ere& or inverted, according 
that point 1s above or below the axis. After tt 
ſame manner purſue the ray thro' the third glal 
and then thro' the fourth glaſs, and ſo on to the 


about 
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above the axis, the image is erect; if below, it is Fig. 
inverted. If there be any refle&ors, purſue the 

ray, after the ſame manner, to the reſpective foci. 

The ſhorteſt way to find the conjugate foci, of all 

the glaſſes, ſucceſſively, is to get the principal foci 
firſt; and then theſe will be had by Prop. XXI. 
Book III. in IN, 

Ex. 1. 


Let AB be a reflecting concave, PQ an object, 99. 
draw the axis QD, and find the focus 3. From P 

the higheſt point of the object, draw PD, and the 
reflected ray Dp, then p is the image of P, and pg 

the image of TQ; and ſince gp is below the axis, 

the image 1s inverted, 


Ex. 2 


Let A, B, C, be three lenſes, PQ an object. 100. 
Draw QH the common axis of all the lenſes; in 

the axis QH find the conjugate foci Q, F, of the 

lens A; and F, G, the conjugate foci of the lens 

B; and laſtly G, H the conjugate foci of the lens 

C. Take the point of the object P above the axis, 

and thro' A the center of the firſt lens, draw PA, 

and continue it to L at the focus F; then L is the 
image of P. Again, draw LBM thro? the center 

B of the ſecond lens, to the focus G; then M is 

the image of L, or the ſecond image of P. Laſtly, 

draw MCN thro' the center C of the third lens, to 

the focus at H; and N is the image of M, or the 

third image of P. And becauſe HN lies below : 
the axis, or contrary to the poſition of PQ, the 

laſt image is inverted. 


. 8 
Let A, B, C, D, be four lenſes, PQ an object. 101. 
Draw QK the common axis of all the tenſes. In g 
this axis find the conjugate foci Q, F, of the firſt 
lens; F and G, the conjugate foci of the ſecond 
NM lens; 


101. lens 


Fig. lee „ab br 55 N the conjugate, foci 
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ot the | 
88 foci 0 8 


the don fut 
| Durth —— which is a concave. Take a point 0 
the object P, ye the xis, and draw PAL thi 
the center. "of t e fit lens to the focus F; chen . 
ix the image of P. Draw LB to the center of the 
d lens, cutting the perpendicular GM, at the 
focus G, in = then M. is the image hi re Na the 
im P. Here the rays,..whic e 
SEA. b Les by the glaſs B A 
to converge to 1251 EE 2 
center of the third glaſs, 
the focus H, in N; and N is t e N. or 
the third image of P. Laich, Nx ND: to. the 
center of the fourth glaſs, cutting the perp. IO, 


Þ Yrs 


at the focus I, in O; and O is the image 11 N, or. 
the fourth image of P. Here the rays diverging | 
from N, and alling | on the Nd glaſs' D, arg 
made to diverge from O; juſt a8 the, rays, od 


ing from H, are made to diverge from I 


ſihce 10 is on the ſame ſide of the axis, A the ob. 0. 


ject PQ, it will appear to be erect. 


And thus the rays proceeding, from an object, 
may be traced thro* any number, of lenſes, to the 


place of the. laſt i image. . 


> "ME Hence, if part of the rays are 1 by th, 


way, what remains will belong to the ſame focuſes as 


before; and the ſame images will be made by theſe par- | 


tial pencils of rays that remain, 
For in the oblique pencils, a great many rays 


miſs the following glaſſes, and are loſt; and the 
more ſo, the more oblique they are. But that 
does not affect the reſt, which will ſtill go to their 


own focus. 


Cor. 2. Hence the proportion of the laſt image tu 


the bel is eef ly as Aud that is, as IO: PQ: 


ate made 
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1 * PQ to 10 is compounded of the he rang « 
PQ to FL, FL, to MG, MG 10 HN, and 
10; that is, of QA to Het BFato to 18 5 
CH, and DH to Bl; ar of QA x BF 5 
wAF x BG x CH x DI. 


Cor. 3. Likewiſe the Arge, e * the 1 N 


image IO ſeen from any 


is to the apparent magnitude of 7% ohjec FOI | 


| From A, with the naked eye: 
| as DIX CH x BG x AF: 
to KI x DH x CG x BE. 


For the apparent magnitude of IO, to * ap- 
parent magnitude of PQ, is as the angle IKO to 


ö 
; the angle QAP. But IKO to QAP is compounded 


of the ratios of IKO to IDO, and IDO or HDN 
q to HCN, and HCN or GCM to GBM, and GBM 
or FBL to FAL or QAP; that is, of the. ratios 
of DI to KI, and CH to DH, and BG to CG, 


and AF to BF; or as DI x CH x BG x AF to 
KI x DH x CG x BF. 


A, B, E; and the eye at C. The apparent magni- 
tude of the laſt image GM : is to the apparent magni- 
lade of the object PQ ſeen from A: : as 30 x AF: 


10 CG x BF. 
PR OB. III. 


ads Ug 4 5 object is the greateſt, when _=_ _ oh panel? 
aſſes 


This will be in the place where the axes of al 


| to] the pencils meet. | Suppoſe A the centre of the 
rt glaſs, to be a radiant © point and that the rays 
jo hing from A, are refracted ſucceſſively by all the 


M 2 glaſſes 


Cor. 4. Therefore where there are but three Ienfes, 8 


ff 


9 X1 BG x CH x DI 10 * BF *. c. 


al 7 10 101. 


To find the place of the eye, 8 the vifble'n area 162. 


1 6 3 P. TIC AL., 


laſſes BC, EP, &c. Then find the focus G mace 
105.7 refraction at the laſt glaſs EF; and G is the 
place of the eye. And this is found after the man. 
ner of the laſt Prob. by finding the conjugate foci 
A, D, for the glaſs BC; and then the conjugate 
foci, D, G, for the glaſs EF, and ſo on to the laſt, 
which is done ker by Prop. XXI. or Cor, 2, 
Prop. XX. of Book III. 

Tor ſince the glaſs A is the common baſe of all 
the pencils of rays that come from the object; the 
axis of every pencil, LA, OA, NA, will paſs 
ſtreight thro” the center A of the glaſs, and LAC, 
CAD, NAB, &c. will be right lines. T herefore 
A is the radiant point from which all theſe axes 
proceed. Thee : it follows of courſe, that all 
theſe axes or middle rays. interſect again in the ſe- 
veral foci D, G & c. And conſequently if the eye 

be placed at the laſt focus G, it will receive all 
theſe middle rays, and beſides as many of the col- 
lateral rays - of every pencil, as the breadth of the 
pupil can admit. Therefore the viſible area of the 
object will be greateſt, when the eye is in the focus 
G. For if the eye be ſuppoſed at any other place, 
the eye will take in leſs, becauſe the ſection of all 
the rays becomes greater; (for it is the very leaſt 
at D), and fewer of them will fall on the pupil. 


Cor. 1. If the laſt laſt EF be @ concave, the gy | 

muſt be put cloſe to the glaſs. 
For its focus G will fall between the glaſs FF 
and the point D; and the rays coming from it 
thro* the glaſs will diverge, and the ſection of the 
rays, on the outſide of the glaſs, will be the leaſt 

_ neareſt the glaſs. | 


Cor 2, The focus of the axes, of all the 3 
is 4 quite different ebing from the focus of any one 


encil, 
* For 
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For the former has its radiant point in f n centre Fig. 
of the firſt glaſs; and the latter, in the Object itſelf, 102. 


Cor. 3. For the ſame reaſon, if A be a concave 
refleor, and A, D, conjugate foci to BC; D will be 
the interſeftion of all the axes of the ſeveral pencils, 
or the place of the exe. | BH 


- 


7 1, P-R/O'BZ W. 1. 

Having given AF, the leaſt diſtance that a long- 10 3. 
fighted perſon can ſee diftinfly ; or the greateſt diſtance 104. 
4 ſhort-fighted perſon can ſee diftinitly ;, and AQ the 
diſtance he wants to ſee diſtinfily. To find the radius 
of a glaſs fit for that purpoſe. 

Let AC be the radius of a double convex, 'or 
double concave ; take AC = = X 8. for the 
radius of a convex lens, for the long. Hohted per- 
ſon; or for the radius of the concave, for the ſhort- 
ſighted perſon. | N * 
For if C be the principal focus of the double 
convex, or double concave lens; or which is the 
ſame thing, CA = the radius of the ſphere (by 
Art. 1. Schol. Prop. XIX. B. III.) Then (Prop. 


XXII. ib.) QF:QA:: AF: Ca = AEXAQ = 


. QF 
AFX AQ Of EOS. 
FAO" Then the rays that come from Q 
will enter the eye of the long-ſighted perſon, ase if 
they came from F, and will therefore make the 
object at Q appear diſtinctly (fig. 103.) and the 
rays proceeding from Q (fig. 104. ), will enter the 
eye of the ſhort-ſighted perſon, as if they came from 
FP; and will therefore make the object at Q appear 
diſtinctly to him, when AC the radius of concavity 
= AEX AQ __ AF & AQ. | 
Jy AF CER AQ A —_ 

3 Cor. 
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Fig. Cer. 1. 4 e penſan that canno: ſie d 

103. find h nearer i ban E M cνEH—.ſes diſtinciiy nearer they 

B help of. te ah BD. But from Q to C, 
Further, be dan ſeq diſtinith. 

For as F approaches. the glaſs," Q approaches ; i 

get 2. _ . XXXV. B. III.); but nearer than 

, the object is confuſed; therefore nearer than 

G, the image is confuſed, But beyond F it i; 


une therefore. beyond Q it 1s diſtinct. 


Cor. 2. F the long-fighted perſon can only fee W. 
Jett di diftin#ly, which are very remote; then be mi 
' have a convex lens whoſe focal di =— is AQ, to {e 
: objetts diſtintily at the diſtance 2 

* AQ __ = AQ 


2 1 1 
Yecguſe AF is infinitely greater than AQ. 


1 04. Cor. 3 A. ſbor taigbted perſon that cannot fre 4, 
. tinttly 2 than F; cannot ſee diſtintily further 
than Q, by help of the concave glaſs BD. But can 
ſee diftinttly Pk Q zo F, or nearer. 

For as F and Q both recede from the glaſs; 
and beyond F, the object is confuſed, ſo is the 
image beyond but on this ſide 'of QF s 
diſtinct. 


Cor. 4. If AF be the greateſt diſtance, 4 ſhort 
fighted perſon can ſee diſtinfly ; then by help if a con. 
cave, whoſe radius or focal diſtance is "AF. he will It 
4 able to.fee all remote objects, to infinity. 

| For in this caſe A is infinite, and the rays 
N jp de Q. wall be parallel; and conſequently F is the 
focus of theſe parallel rays, and FA the radius of 

the glaſs. And i in all remote hog na the rays ate 


wan Para lel. 


| Lor, 5. From theſe rules a nan may be ſited with 
| "the moſt proper JpeNacless tho* be lives at. a-diftan 


ron 


. . 


nc 


the mater; By Joldinix 
yh glaſſes ure at band, oo þ 
trial; taking notice" to © þbſe that' are the tra 
convex or ND ran that «il i Dim. Tbeſe ti 4 | 
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4 be Vetter fitted "by" 


went a perſon from gr owing more 90s We 


10 Abted, for fort rg 


— 
* 
< 
3 * 
- 


Lees ent 3d 0 


A 


When a glafſes are put into frames bor 8 tacles, 


theſe frames ought not to be ſtreight, fo as both 
eyes may lie in the ſame plane; but they ought to 


be ſo bent in the middle, that the axes of both 
glaſſes may be directed to one point, at ſuch a diſ- 


tance as you generally look with ſpectacles. By 


this means the rays will fall perp. upon both glaſſes, 


and make the object appear diſtin. But if they 
fall obliquely upon the glafſes, it will cauſe a con- 


1 4 a e in the objects. Therefore the 


the frame ought to be as repreſented in 


firt. and CD the other. 

> Spectacles are the moſt uſeful optical machine in 
the world. Few people that grow into years, but 
have occaſion for them, to help their defective eyes, 
which without them would be uſeleſs, in a — 


many occaſions in life. 


"P:R O B. V. 


To make a concave ſpeculum HD a a given thick- 
neſs BD, and whoſe inner radius AB is given; that © 
Hall 22 parallel rays RH, to | 00 9 JOE: F, 
from both ſurfaces BH, DI. 


— 


It is plain, that the ray which i refleftet from 


the hindmoſt, ſurface, will be twice refracted. For 


RH is firſt RS at H to the focus J. and then 
NM 4 reflected 


167 
Bim rör "focal diff ances. Fig. 


= oy where AB is the plane where one glaſs | is 10g. 


106. 


269d: nn can: mt 


Fig: refſected at I to the rue G, and laſtly refrated 
106. L to the focus F. 


© ng , the focus of the refracted ray HI; we 
have (by Cor. 1. Prop XIII. B. IL) = 


m:: AB (a): 22 . put 4 — . Then 


to find the reflected Thy * 16, (by Prop. V. B. II.) 
Cf (ga + t— 2): CG ( — 4) : Df (ga + t): 


1 tx; and when reduced * A = 
244 + 21 —2 
DG, and BG — = x —t = gaz 212 _— 2066 —. 
24a + 2t —2 
But (Prop. VI. B. II.) BF = 4. And ſuppoſing 
the refintied ray ILF to go back again, and be re- 
fracted _ LI, whoſe focus is G; then (Cor. 1. 
Prop. XI. B. II.) mw x BE + nx AF : m x BF: 
AB : BG. Thhat is z ma + na: ima: : a: X — 


or n Tn: m: 222 + 212 — 24a — Koch and 
| | 274 + 27 _— 


mac m TAN qaz T 212 294 — 21. 
And putting 5s = i ſhall h 212 
n putting "5 He we ave gag +. 
+ Jag = 2 dad + 25at + 2qat + 27t, and 2 = 


, 25980 + 25at +_2qat + 241 and if m, and n be 3 
44 ＋ 5a ＋ 24 N £ 


and 2, then 4 * = + 156? . 3 
Hi 987 58 


Cor. i. CDorz=0a + =2 7 — very near: 
„ 9 4 
as will appear by divifion; and therefore if AD of 
6 ＋ be fubtrafted, there will remain. AC = 


, nearly. 


Cor. 


Let 3 a, BD 6 DG 3 CD _ = 
m, x the fines of incidence and tefraction. Then 


DG (x). Whence gax + ix — 2x = gaz— gar + 
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gf & be given und n required Fig, 


Cor. 2. Hentt' alſo 1 
it may be found by reſoFving the equation-gas' ＋ gta 106. 
= g +'18at ＋ 5 Or , und be given; t 
may be found from ce ore nn IG. f 13 8 

», 40 ). 27150t 3 A Brit! 00 

Cor. 3 221 fuch a : ſpeculum. als be exactly ground, 
it = be better. than any refietiing metal, "lf only 
becauſe it cyculd reflect more light, but it wiuld pre- 
ſerve the poliſh longer. But the difficulty of r 
them ray, 8 prevented the uſe KA them, 


© 


* _ 
% 
— 


Senor lun. 8 


F inſtead of 3 and 2, 31 and 20 be put for 
and u, as being more exact; we ſhall find z or CD 


= Z a + — — 15 nearly. And if a+? be 


2 (+5 4 a 77 5 
- WhbtraQed, then AC = 2-475, + n Es 5 t 
b e 


nearly. Leaning to this computation, we ſhall 


„ have AC = 416, which is not much different | 


from the former, Which was  t or 4441. 


£ The principal difficulty 18 <a find the vertex of 
2 this reflector after it is made, or the point where it 
s the thinneſt, To do this, cover the ſpeculum 
= With a paper, having a hole in it of the bigneſs 
the ſpeculum is to be when ſiniſhed, or when put 
into a teleſcope. Then it mutt be placed at a good 
diſtance from a candle, and the image received on 
a bit of paper juſt big enough to receive it. And 
moving the paper cover to all places of the ſurface, : 
all you find ſuch a poſition for it, as makes the 
mage the moſt diſtin& poſſible, there fix it; and 
„ Ide middle of the hole is the vertex, For tho the 
wo ſurfaces be ground very truly to their proper 
radii, yet if the centers are not in a right line, 
q paſſing thro* the middle of the reflector, the two 
images 


170 OPTICAL 


F — cannot coincide, and they will confuſe 
—— er. | adds 


If a concave reflector be made after this m 
ner, it will burn bodies in its focus more fi 
than any other ſort ; for both the reflected and 


fracted rays meeting there, conſpire to make: 
effect greater. | 


PROB. VL 


10 To make a teleſcope with a convex: and a cont 
T* plaſs, to ſhew objetts tre; called, Galileo's Te 
| cope. e 


A Teleſcope is an optical inſtrument made by t 
cotnbination of glaſſes, for ſeeing objects at a gre 
diſtance. The glaſs next the object, is callec 
objeft glaſs; and that next the eye, is the eye gl 
The aperture 1s the diameter of the hole throug 
| which the rays paſs. And by reafon of the pre 
diftance of the object, all rays of the ſame penc 
incident on the object glaſs, muſt be eſteemed t 
be parallel; for the eye can diſcover no manner 

difference between theſe and parallel rays. 

| To make this teleſcope, fix the convex lens A 
in the tube AEFB, and the concave lens CD 1 
the tube CGHD, the concave lens muſt be of 
leſs focal diſtance than AB, and the tube GD mul 
be made to flide within the tube AF; and th 
glaſſes muſt be ſo placed, that the axes of the tube 
and glaſſes may coincide; then ſliding the tube 
GD within the tube AF, till the diſtance of the 
glaſſes AC be equal to the difference of their prin 
cipal focal diſtances, or that both their principay 
foci may coincide in the ſame point P; and the 
the teleſcope is fit for uſe. | =' 

The teleſcope being fitted thus, direct it with 
the axis RP ſtreight upon the object, and app! 1 

3 the 
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the eye cloſe to CD, and you'll fee the object mag- Fig. 

nified, and erect. 107. 
For ſince the rays proceeding from the object 

tend to the focus P; and before = arrive at it, 

are refracted by the concave CD; therefore they 

do not crols one another before they come at the 

eye, and conſequently the image is erect. Or thus, 

fince the conjugate focus to P (in the lens CD) is 

ſomewhere on the other ſide of CD, therefore if a 

line be drawn from Q, the lower part of the image 

at P (which is there inverted), thro* the middle of 

the lens CD, it will come to that conjugate focus 

above the axis, and therefore the image is erect. 


T be properties of this teleſcope. 

1. The focal diſtance of AB muſt be greater than 
that of CD; or elſe it will not magnify an object. 
If AB be leſs, it will diminiſn i. 

2. The magnifymg power is equal to the quo- 
tient ariſing by dividing the focal diſtance of the 
object glaſs, by the focal diſtance of the eye glaſs = 
AP 
Ce. ; 
3. The rays of any pencil coming out of the 
glaſs CD to the eye, are nearly parallel. If this 
does not ſuit all eyes, the tube GD muft be put 
in, or drawn out a little, till the object appears 
diſtinct. 

4. The viſible area of the object is the greater, 
the nearer the eye is to the glaſs; and depends on 
the breadth of the pupil of the eye, and of the 
object glaſs. I herefore the view wil! be fmall. 

5. In order to ſee more of the object, the eye 
muſt be moved laterally, or up and down, the te- 
leſcope remaining fixt, By this means one may 
ke ſucceſſively all the parts, that the teleſcope can 


take in at once, and that depends upon the breadth 
of the eye glaſs. 


6. This 
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Fig. 6. This fort of teleſcopes muſt not be maj 
107 long; for then the viſible area is ſo little, that tie 
become uſeleſs. 0 1 
For, if you ſhut your eye for a while that i 
— may dilate, as it will in the dark; and tha 
fuddenly opening it, and looking ſteadily. at 
object thro? the teleſcope, you'll ſee it largeſt x 
firſt, and afterwards it gradually leſſens, as th 
pupil contracts by the light. Alſo if you coyer d 1 
| object glais with a paper with a hole in it; leſ e +: 

| the object will appear than before; and ſo mug 
| - leſs as the hole is leſs. And therefore the viſht 
area depends both upon the breadth of the pupl, 

and of the object glaſs. 

Alfo if a paper be put over the eye glaſs, hay: 
ing a ſmall hole in it; leſs of the object will ap 
| — by moving to and fro, ſideways; than dad. 

fore, thro* the whole eye glaſs. And if the hok 

be leſs than the pupil, the direct view will be kf, 
In a long teleſcope of this ſort, the viſible are 
will be very ſmall, by the narrowneſs of the oben c 
glaſs. And if the object glaſs be made broader, 


the object will be coloured, and conſequenly con. 10 
fuſed. S 1 

This teleſcope is the ſame as is generally called 

a common per ſpective glaſs. = AY 

obje 

PROD VI. 4 

n |! 

108. 'To make a teleſcope with two convex glaſſes, i * 

ſhew objefs inverted; called the Aſtronomical Te-: te 

leſcope. | he 

4 


Let A, B be two convex lenſes, HC, DE two Ned; 
tubes ſiding within one another. Fix the lens A Mn 
with the longer focus, in the wider tube HC; and for 
the lens B with the ſhorter focus, in the ſmaller WW © 


tube DE ; and let the axes of the glaſſes coma 
wit 


1. INSTRUMENTS ug 
ith the axis of both tubes. Then Qliding the Fig. 
KDE, within the other, till the Giſtance of the 105. = 
ſes be equal to the ſum of their principal focal | 
ſtances ; or that their principal foci may coincide | | 
+ the fame point P; and near P there muſt be a 
wp, with a hole to circumſcribe the image, and 
0 exclude all ſtraggling rayhs. | 

And then the teleſcope is fit for uſing, which is 
lone by direCting it ſtreight to the diſtant object; 
ind then applying the eye beyond B, the diſtance 


— — 
* = — —— —_ ꝓ———— — —_— * 
* — 


y ff its focus; the object will appear magnified and 
a erted. 17 W 1% ni 

de For the rays from the object R, croſſing at A, 
py n form the image at the focus P, inverted ; 


chich viewed thro? the lens D, will therefore ap- 


ear inverted. And P being the principal focus of 
MW, the emerging rays will fall parallel upon the eye, 
ed cauſe diſtinct viſion. - | 


Tbe properties of this teleſcope. _ 
1. The magnifying power is as the ratio of the 
focal diſtance of the object glaſs A, to that of the 
ye glaſs B. err r il 19014. | 
2. The rays emerging. out of the eye glaſs to the 
eye, muſt be nearly parallel, for a good eye. If 
this happens not to ſuit any other eye; then the 
tube DE mult be thruſt in or pulled out, till the 
object appears diſtinct. 

3. The apparent magnitude of the object is the 
lame wherever the eye is placed, by Prop. 37. 
% B. 3. But the viſible area is the greateſt, when 
ble diſtance BO of the eye is nearly equal to BP, 
the focal diſtance of the eye glaſs. By Prob. III. 

4. The object in this teleſcope is always invert- ' 
4 «; and therefore it is only applied to aſtronomi- 
15 al uſes, to look at the celeſtial bodies. For it 

lpnifies little whether they appear erect or pen 
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Figi ed, in cheſe caſts, | ö x comin en 
Wists nN nn ny 1 
* The viſual 3 wie i gent 0 on the bread lai 
eye glaſd. For equal to the 1586 W f, 1 

the eyc glaſs ſubtends ar the object glas. A 


PROB. vin. me 


; EI. 
109, To nigh; E — with thre convex 2 a, „ 
A. a drape erect. W . : 


.Combine the two o glaſſes A, B, ſo 45 FR a 
be the principal focat diftance of A; and FB twit 
the ipal. focal diſtance of B. and BP the fame/ 
let theſe be fixr in one tube. Then place the E Us 
C, in another tube ſliding within the firſt, that e A 
may be its principal focal diſtance, which may e ** 
done by ſliding the inner tube back or forward; Wi 

and then the teleſcope is finiſhed. The eye mult 
be laced at the diſtance of 2PC behind C. of 

or parallel rays proceeding from the object R, 5 

and falling on the lens A, are refracted to the fors F 

F, and there give the image inverted. And ( 1 

XXI. ) F, P are conjugate foci, and (Cor. 1 <o 

XXIII.) they are at the leaſt — poſh ? 
And fince the image at F is inverted, an at P 
will be erect. And ſince PC is the focal diſtance 
of C, the rays falling on it, will emerge parallel, 
upon the eye; which therefore will ſee the object 
erect. 

This teleſcope is of little uſe, by reaſon it takes WW... 

in ſo little of the object; and makes the viſible Id 

area ſo ſmall. 


SCHOLIUM. 


A teleſcope may be made with two convex In + 
hs to ſee objects erect. And that is by com., 
ining the two lenſes A, B, as before, which 
give the image at P erect, which image may be 
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n by an eye P 1 inches. behind it, Fig. 
This Coke aps when the 109. 
las C is. ta 2 A bs not in ſo much 

f the object as the other, e . 

ſe for te Moos. 12. af [4 v9 5 

A teleſcope may alſo, be made with two convex 

-nſes, and a concave, which will ſhew objects in- 
— Here the concave is the middlemoſt, be- 

ut inſtead of B. And they are placed thus, 

15 oci of A and B muſt not coincide- as in Prob. 

; but they muſt be a little further aſunder, the 
N quay. Ir lm eee 

nd ſo far, that the conjugate focus (of B) may be 

t P; then if the eye e glaſs C be placed, that its 
ocus may be at P, then looking thro* the teleſcope 

he object will appear diſtinct, and inverted. This 
cleſcope, has full as. great magnifying power as 

* SoRting teleſcope; but becauſe the object 
inyerted, it is not uſed. The conſtruction of 

his teleſcope. i is the ſame as che ſolar teleſcope in 


eb. XIII. following, fig. 114, a concave 
ele L. For if i be its * and h̊ the focus 
*. if AB; and 5, K conjugate foci of L. Then 
s the focus of ® CONVEX - 0 glaſs for ts to- 
* hope, 

p A P R 0 B. IX. | 
5 7 make « 4 teleſcape wit a CONVEX tee ge. * 


je eretF. 


Fin the lens A of a great 1 8 5 110. 
nde tube, and fix the three ſmall lenſes or eye 
laſſes B, C, D in ache tube, to ſlide within 

e Rene. The lenſes B, C, D; muſt be all of 

ne focal diſtance, and muſt be placed equidiſtant 
the tube, ſo that BC, and CD, may be twice 

be focal diſtance. Then if CP. = PU. P will be 

e principal focus of Cc and D. A ſtop muſt be 

| n 


e 
. 


een 
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Fig. placed at P or'F, to ſtop the ling mn 

110. Then ſlide the tube with the three eye glaſſes, Wi 

in the other, till the foci of A and B coincide n 

F. Then the teleſcope is made, then direRing k 

to the object R, and placing the eye in the other! 

principal focus of D; and the object will appey 

to it magnified and erecd t. 

For parallel rays coming from the far diſtant 

object R, will be refracted by the object glaſs 4 

to its focus F, and there make the image invented 

Then ſince F is the principal focus of B, the ray 

dlixerging from the image at F, and falling on the 

lens B will 1 parallel, and fall parallel a 

the glaſs C, and therefore will be refracted by i, 

to its principal focus P, and there form the'image 

erect. Then the rays flowing from P the prince: 

pal focus of D, will emerge a third time parallel 

in falling on the eye; which (by Prob. III.) mu 

be placed at the principal focus; and then the ge 

will diſtinctly ſee the image P of the object R, 

erect and magnified. Here then the firſt image u 

at F inverted, and the ſecond at P erect, 

whence rays flow to the eye. 4 

If BC be leſs than twice the focal diſtance of Wl the 

B or C, then ſome of the rays will miſs the eye Wl (er 

glaſs D. And if BC be greater than twice the lf ter 

focal diſtance, ſome of the rays will miſs the gla Will pa 

C. And in either caſe the proſpect will be dim- Wl the 
niſhed. WV 

This teleſcope with four glaſſes is in effect tuo 

teleſcopes, of two glaſſes each, as in Prob. VII. ¶ ver 

The firſt teleſcope is AB, where the rays eme tur 

parallel from B. The ſecond is CD, where t ob 

lj rays fall parallel on C, and emerge parallel fron W in 

ll] D. And ſince C and D are equal, they magnify Wl for 

= - nothing, and therefore the image at P is equal w up: 

| the image at F. All chat the glaſſes C, and DI px 

| 


do, is to inyert the image at F, or make the image Bl ny 


) 


of Rerect. This is the common teleſcope uſed in Fig. 
the day time to look at diſtant objects, 110. 
If a ſtop be placed at P, with a hole to contain 
the image; it will cut off the reſt of the rays 
which come irregularly, and would diſturb the diſ- 
tinctneſs of the image; and will take away the co- 
lours which ariſe by the different refrangibility of 
the rays, which would make the image confuſed. 
But the image will no more be coloured by four 
glaſſes than by two; for the glaſs C corrects and 
takes away the colours which the glaſs B produced. 
The properties of this teleſcope. h 

1, The magnifying prong is in the proportion 
of the focal diſtance of the object glaſs, to the fo- 
cal diſtance of the eye glaſs. This will be ſhewn 
afterwards. | 4 

2. It ſhews the object erect. but not ſo bright as 
in the teleſcope with two convex lenſes, becauſe the 
other two reflect a deal of the light which is loſt. 
In other reſpects it has the ſame properties as the 
other teleſ cope. 
3. The viſible area depends on the breadth of 
the eye glaſs, for as the eye glaſs is bigger or leſ- 
ſer, the angle it ſubtends at A is greater or leſ- 
ler, or its oppoſite angle, which is the angle the 
part of the object ſubtends at A, which determines 
the viſible area. And this teleſcope takes in more 
than that in Prop. VI, with a concave eye glaſs. 
4. The brightneſs of an object ſeen thro? a gi- 
ven teleſcope is ſo much the greater as the aper- 
ture of the object glaſs is greater. For ſuppoſe the 
object glaſs covered with paper, with a ſmall hole 
in the middle; the magnitude of the image in the 
focus will not be altered, nor conſequently that 
upon the. retina of the eye. But the hole in the 
paper being ſmaller than the object glaſs, fewer 
nys of every pencil will come to the focus, and 
the image will be more faint. 

N 5. It 
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Fig. g. If the aperture and focal diſtance of the cb 
110. ject glaſs remains the ſame; an object appear 
brighter or fainter, according to the greater 
lefler focal diſtance of the eye glaſs ; that is ac. 
cording to the leſſer or greater magmfying powe, 

For the fame quantity of light ſpread over a ſmal. 

ler or greater image, makes it brighter or duller, 

6. It is found by experience, that an objed 

glaſs of 55 feet focal diſtance will bear an aper. 

ture of 4 inches, and an eye glaſs, whoſe focal dif. 
tance is 4.4 inches. And for other object glaſſes, 

the apertures thereof, and the focal diſtances of the 
eye glaſſes, mult be as the ſquare roots of the focil 
diſtances of the object glaſſes. But to view object 

by day light, requires eye glaſſes whoſe focal di. 
tances are longer ; and by night ſhorter, 


SCHOLIUM. 


It may be thought, that in a teleſcope. of an 
length, an object may be magnified in any-propor- 
tion, by making the focal diſtances of the object 
glaſs and eye glaſs in that ratio. But there are two 
cauſes which prevent this. 1. Whilſt: the object 
glaſs remains the ſame, the more the object is to 
be magnified, the more convex the eye glaſs mult 
be, and then the more obſcure and dark the object 
will appear. 2. By this means the object will be 
repreſented the more confuſedly; and if one at- 
tempts to remedy this by increaſing the aperture, 
the confuſion will be more increaſed, and the ob- 
jects will at laſt appear coloured. So that increaſ- 
ing the aperture of the obje& glaſs, makes the 
object appear brighter, but at the ſame time it i 
confuſed and indiſtinct. 

Since the pupil dilates itſelf very much in the 
dark, therefore there is not occaſion for ſo much 
light in looking at the moon or ſtars, 


T here 


There are teleſcopes made with five or ſix or more Fig. | 
glaſſes, which by refracting the rays gradually to a 110. 
ocus, will bear a larger aperture; but then the | 
object is more faint, by the loſs of ſo many rays, 
by the reflection from ſo many glaſſes. 

Sometimes the eye glaſs D is of a different focus 
from B and C. But the diſtance BC muſt ſtill be 
the ſum of the focal diſtances of C and D. Thus | 
ſhorter eye glaſſes are uſed in the night, to increaſe 0 
the brightneſs of the object. 8 | 


PROB. X. 
To find the magnifying power of a teleſcope. 


> SS» Sno CD &  & * & _ 2 


Let the far diſtant object appear from A under 111. 
the angle RAS, or its oppoſite GAF, drawn thro? 112. 
the center of the object glaſs A. And let B be 
eye glaſs, FG the image 1n the focus of the glaſſes 
A and B. Then thro” the extremes F, G, of the 
image, draw the lines FBL, GBN, thro? the cen- 
ter of the lens B, and BL, BN will be the refrac- 
ted rays (by Prop. XVII. B. III.) Then the object 
is ſeen thro? the teleſcope under the angle LBN or 
FBG, and it is ſeen from A or from B under the 
angle RAS or GAF. Therefore the apparent an- 
ele thro? the teleſcope, is to the apparent angle to 


N >>8 SS 


at- the naked eye; as angle GBF, to the angle GAF ; 
e, that is as AF to BF; that is, as the focal diſtance 
b- of the object glaſs, is to the focal diſtance of the 
al- eye glaſs. And if there be four convex glaſſes ; 
he if the glaſſes B, C, D, are all equal (fig. 110), 
18 the image at P is equal to the image at F, and the 
magnifying power continues the ſame as before. 
he But if they be different glaſſes, the image at F 
ch will be to the image at P, as the focal * of 


B, to the focal diſtance of D. So that at laſt, the 


apparent angle thro' the teleſcope, will be to the 
N 2 apparent 
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Fig. apparent angle to the naked eye; as the focal dif. 
111. tance of the object glaſs, to the focal diſtance of 


112. the laſt eye glaſs. See alſo the Corollaries d 


Prob. II. 


Cor. 1. The magnifying power by a refracting i. 
leſcope, is equal to the focal diſtance of the object gli 
divided by the focal diſtance of the eye glaſs. | 


0 * 


111. Cor. 2. In a teleſcope with convex glaſſes; the vi. 


ſual angle or linear view, is as the diameter of th 
&ye glaſs, divided by the focal diſtance of the obe 
' glaſs. And the viſible area as the ſquare of that quan- 
tity. | . | 

his depends upon the breadth of the eye glaſ, 
therefore drawing AD to the edge of it, BAD will 
be half RAS ar half the viſual angle; and that 


angle BAD or its double is as 55 z and the viſible 


area as = In the teleſcope with a concave 
glaſs (fig. 112.) it depends on the breadth of the 
pupil. 


Cor. 3. As the diſtance between the object glaſs and 
eye glaſs, to the breadth of the eye glaſs ; ſo is radius, 
to the tangent of the angle which the teleſcope takes 

in. | 
For all the teleſcope can take in, is contained 
between two lines drawn from the edges of the 
eye glaſs, through the center of the object glaſs. 


The contained angle is what the teleſcope can 
take in. 


p ROB. 
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PROP. XI. 9 5 
To find the degree of indiftinfineſs, or confuſed ap- 


pearance of an object, ſeen thro a teleſcope. 


Since no lens can be made ſo perfect, as to re- 
fract all the rays iſſuing from one point of an ob- 
ject, to a ſingle point in the picture, but there will 
always be a deviation or aberration more or leſs, 
according as the lens is broader or narrower. And 
by reaſon of this aberration, the rays proceeding 
from one point will be ſpread over a certain ſpace 
of the image, and cauſe that confuſion or indiſtinct- 
neſs obſerved in teleſcopes; which ſpace is the cir- | | 
cle of aberration in the focus of the object glaſs. 
And this confuſion will be ſo much the greater, as 
that circle is larger, becauſe there are ſo many 
more different points of that ſpace, which repre- 

: ſent but one point of the object; and therefore 
that confuſion or indiſtinctneſs is, ceteris paribus, 
as the circle of aberration in the focus of the ob- 
ject glaſs; that is, by (Cor. g. Prop. XLI. B. III.) 
4 as the area of the object glaſs. 

, Now the confufion of the image in the bottom 
of the eye (which is that we ſeek) is as the appa- 
rent magnitude of this circle of aberrations. And 


d the apparent diameter of aberration ſeen thro? the 
0 eye glaſs, is as the angle made by the extreme 
g. rays in falling upon the eye, or (which is equal to 


n it, by Cor. 2. Prop. XVII. B. III.) as the angle 
ſubtended by that diameter at the center of the 
eye glaſs, that is, as the diameter itſelf directly, 
and the focal diſtance of the eye glaſs reciprocally. 
Therefore the apparent magnitude of the circle of 
aberrations, is as the ſquare of that diameter di- 

3, rectly, and the ſquare of the focal diſtance of the 

oe glaſs reciprocally ; or as the ſquare of the aper- 

3 ture 
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Fig. ture of the object glaſs directly, and the ſquared 
the focal diſtance of the eye glaſs reciprocalh, 
And therefore the confuſion or indiſtinctneſs is u 
that ratio. n 
Cor. 1. The indiſtinlineſi of an objeꝶ ſeen thro i 
refratting teleſcope, is as the ſquare of the aperture if 
. tbe object glaſs, divided by the ſquare of the focal diſ 
tance of the eye glaſs. | 


Cor. 2. An oljef appears equally diſtinct in ſeverd 
refrad ing teleſcopes, when the diameters of the aper. 
tures of the object glaſſes, are in a given ratio to th 
focal diſtances of the eye glaſſes. | 


p R O B. XII. 


To find the apparent brightneſs of an object, ſen 
thre a refradting teleſcope. | 


If the area of the image upon the retina be the 

ſame, the brightneſs will be as-the quantity of light 
upon it, that is, as the area of the aperture of the 
object glaſs. And if the aperture or quantity of 
light be the ſame, the brightneſs will be recipro- 
cally as the area of the image, that is, reciprocalh 
as the ſquare of the magnifying. power. And 
therefore in general the brightneſs is as the area of 
the object glaſs directly, and the ſquare of the mag- 
nifying power reciprocally. 


Otherwiſe thus. 


113. Let two pencils of rays falling on the object 
glaſs CD, be refracted to the foci F, f; and pals 
thro' the eye glaſs Bb; and be refracted in the 


directions BL, I. Let BL = FB, then L is the 


place of the eye, being the place where the Fr 
ra 


, N 
| a 7 G 
"als 1 W 1 


P 
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al pencils (each conſiſting of parallel rays) con- Fig. 
d to, and interſect, after reffaction at BB, 2 
Let m = magnifying power, p = diameter of 
the pupil. Then by ſimilar triangles, AF: FB:: 
CD: Bb or LI the breadth of any pencil of rays 
at B, or at L where the eye is; becauſe beyond 


B, the rays of each pencil are parallel. Therefore 


the breadth LI = = Y. 


| AF m 
Let the degree of common light be = 1, the 
area of the picture in the naked eye = a, then thro? 
the teleſcope it will be = wma. Then ſince the 
brightneſs is as the area of the aperture divided by 
the area of the picture, the brightneſs of the object 


by the naked eye will be - H and by the teleſ- 
a 


cope, _ Therefore common light : to teleſco- 


mma 
ric light : : : .: , ; <D And lince the 

a mma mmpp h 
common light is 1, the teleſcopic light will be 
CD* | 


mmpp 
Now ſuppoſe LI to be juſt equal to p. Then 
pp = — and in this caſe the teleſcopic light be- 
mm | 


comes 1, and is therefore equal to common light. 

But diminiſhing CD, LI is alſo diminiſhed, and 
therefore in this caſe, leſs light enters the pupil; 
and therefore in all caſes where LI is leſs than p, 
CD* 


the brightneſs = 


—  mmpp | | 
But if CD be increaſed never ſo much, the 
brightneſs is not increaſed at all by the ſide rays, 
becauſe they will all miſs the pupil. For as CD 
increaſes in breadth, Ph and LI alſo increaſe in 
breadth, and will therefore, in this caſe, be bigger 
N 4 than 


134 


Fig. 
113. is the ſame as before. For there is a greater quay. 
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than the pupil. And hence the denſity of the light 


tity of light on a greater ſpace CD, or on a great. 
er ſpace Bb or II; and the quantity of light being 
as the ſpace, · the denſity is not increaſed. 


By ſome experiments, I have found + part of the 


light loſt in paſſing thro' two glaſſes ; and near 3, 


in paſſing thro' four, and more till in paſſing thro 


five or fix. This happens by the reflexion of the 
two ſurfaces of every lens, which reflect a part of 
the light, that is loſt; and ſo much is the bright. 


_ neſs decreaſed. 
Therefore in general the brightneſs is increaſed, 


by increaſing the object glaſs, till LI becomes 
equal to the. breadth of the pupil; but no longer, 


Cor. 1. If an object is ſeen thro a refracting tele. 
cope, and the rays do not fill the pupil; its apparent 
brightneſs is as the ſquare of the aperture of the ob- 


ject glaſs, multiplied by the ſquare of the focal diſtance 


of the eye glaſs, end divided by the ſquare of the focal 
diſtance of the objet glaſs. | 
This follows from the firſt method. For the 


magnifying power is as Kid ; and therefore the 


brightneſs is as CD., divided by E, or as 


RES Or by the ſecond method, the bright- 
neſs 1s as 555 „ being given. 


Cor. 2. According io this; an object appears equal 
ly bright, tro ſeveral teleſcopes, when the aperture 
are as the magnifying Powers. 8 


Cor. 3. The ſame thing ſuppoſed ; in different tt 
leſcopes, an objett will appear equally bright and 4 
| Jin, 
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tin, when the apertures (of the object glaſſes), and Fig. 
facal diſtances of the eye glaſſes, are each of them as 112, 
the ſquare roots of the focal diſtances of the object 
glaſſes. And then the magnifying powers will alſo be 
as the ſquare roots of the focal diſtances of the object 
laſſes. F 181 1400 
| : 10. put F, F for the focal diſtances of the ob- 
ject glas and eye glaſs; and that the brightneſs 
| and diſtinctneſs may be in the ſame ratio, (by Cor. 
f 2. of the laſt Prop. and Cor. 2. of this), we ſhall. 


have the aperture o 4 O = whence F Oc „ 
| and f O F, conſequently the aperture CO VF. 


And laſtly, the magnifying power c ( 7 oe)! 
or as f, that is as VF. 


Cor. 4. In femilar teleſcopes; the diſtinfineſs, vi- 
al angle and magnifying power are the ſame; and 
[ the brightneſs as the ſquare of the length. 

For let D be the diameter of the aperture; F, f 
the focal diſtances of the object glaſs and eye glaſs; 


then the diſtinctneſs is , which is a given ratio. 


7 


And the magnifying power is E which is alſo a a 


given ratio. And the viſual angle is as the diame- 
ter of the eye glaſs divided by F, which is a given 


ratio, And laſtly, the brightneſs is as N. 
mm mm 

and m or the magnifying power is given; and the 

aperture CD is as the length of the teleſcope. 


Cor. 5. Hence, no teleſcope can ſbew an object ſo 
bright as it is to the naked eye. The neareſt it can 
approach to it is + the light for two glaſſes, and + for 
four glaſſes, 


For 


185 2 ＋ Omre AE 
Fig. For when all the rays enter the eye, the teleſcs. 

113. Pic light, or what paſſes thro' the teleſcope int 
the eye, is (=== 1 or the ſame as com. 
mon light. Of which + or + is to be deducted for 
reflected rays, which are loſt. 


Cor. 6. According to what bas been delivered by 
Fore (after Prob. IX. and in Cor. g of this), the ful 


diſtances and apertures muſt be made according to thi 
following lable. ; 
foc. aper. foc. mag. I foc. , aper. 
+ obj. | obj. eye pow- obj. J obj. 
|glaſs} glaſs | glaſs er 225 glafs 
| feet | inch | inch feet] inch | 1 
21 - 54 1 00 35 | 3.20 
2 | 7683 40 | 3.41 
\ 3 | 94 | 1.03 45 3.62 
| 41 1.08| 1.19 50 | 3.82 
| 5 | 1.22 | 1.34 55- | 4.00 
| 6 | 1.32 | 1.45 60 | 4.18 
7 | 1-43 | 1:57 72 1 #35 
8 | 1.53 | 1.68 80 | 4.83 
9 | 1.62 | 1.78 90 | 5.13 
ro | 1.71 | 1.88 100: | 5.40 
I3 | 1.95 | 2.14 | 73 120 5.91 
.15 |2.09| 2-30 | 78 140 6.39 
20 | 2.42 | 2.66 | go 1606.83 
25 | 2.70 2.97 101 | 180 | 7.25 
30 | 2.96) 3.25 110 200 7.04 


_— — * —— 


SCHOLIUM. 


It follows from Cor. 3, that if a parabola be de- 
ſcribed, and in the axis thereof, taking the abſciſſa 
equal to the focal diſtances. of the object glaſſes; 

then the correſpondent ordinates will be proporti. 


onal 
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onal to the apertures, or the focal diſtances of the Fig. 
eye glaſſes, or the magnifying powers. For theſe 113. 


are as the ſquare roots of the abſciſſæ, that is, as 


the {quare roots of the focal diſtances of the object 


glaſſes. And inſtead of the focal diſtances ot the 


object glaſſes, one may ſubſtitute the length of the 


teleſcope, without ſenſible error. 
In the inveſtigation of the foregoing Problems, 


the ind ĩſtinctneſs ariſing from the aberrations cauſ- 


ed by the eye glaſſes are ſet aſide as being inconſi- 
derable. For in fo ſhort a diſtance as from the 
eye glaſs to the eye, the heterogeneous rays can- 
not ſeparate ſo as to become ſenſible, and therefore 
the errors may be lookt upon as nothing. And the 
refractions at ſo ſmall a diſtance will be ſufficiently 
true and regular. 

To try the goodneſs of an object glaſs ; proceed 
according to the ſecond method laid down in Prop. 
XVI. B. III. And if all the holes unite in one, 
the glaſs is good, otherwiſe not. But there is no 
better way for trying the goodneſs of an object glaſs 
than putting it in a tube, and trying it with ſeveral 
mall eye glaſſes, by looking at ſeveral diſtant 


objects, and particularly at the title page of a book. 


For that glaſs which repreſents objects the moſt 
bright and diſtinct, and bears the greateſt aperture, 
and the ſhorteſt eye glaſs, without colouring or 
dimneſs, is the beſt glaſs. 

If ſeveral teleſcopes of the ſame length be com- 
pared together, theſe are the beſt, with which you 
can read the ſame print, at the greateſt diſtance. 
And this may be a rule for thoſe that buy teleſ- 
* by which they may know how to chuſe the 


There are four principal things in a teleſcope to 


be conſidered. 1. Magnifying power. 2. Diſ- 
tinctneſs. 3. Brightneſs. 4. The viſible angle, 
or linear view it takes in. And all theſe have 


been 
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Fig: been determined in the foregoing Problems, ſor 
rrefracting teleſcopes. bt 


7; 1 DB. EL. 


| Jo mate a ſolar teleſcope ; or to fit up a felgen 
for ol ſer ving eclipſes, ſpots of the ſun, Sc. 


114. This is no more than a common refracting telef. 
cope with two glaſſes, where the eye glaſs may he 
either convex or concave. Thro' this teleſcope 
the ſun's image is projected on a plane ſurface, 
on the oppoſite wall of a dark room, and magni 

fied. If a teleſcope be uſed for this, as it is fitted 

up for looking at diſtant objects, the ſun's image 

will be projected at an infinite diſtance, becauſe the 

rays emerge parallel out of the eye glaſs. There. 

fore to have his image at any given diſtance, the 

glaſſes muſt he placed after this manner. _ 

Let ABCD be a tube in which is the object glals 

G, and its focus H. ECDF another tube ſliding 

within the former, in which is the eye glaſs L. 

Whoſe focus is I. Let K be the place where the 
{un's image is to fall, upon the plane MN. Nov 

whether the glaſs L be convex or concave, it mult 
be placed further from G, than in the common 

teleſcope, by the diſtance HI. And H, K muſt 

be the conjugate foci of the glaſs L, which is done 

by making HI, HL, HK in continual propor- 

tion. Or if L be a concave, h the focus of G, ! 

the focus of L, then hi, L, BK muſt be in con- 

tinual proportion. Then if the teleſcope AD be 

put thro' a hole in the window ſhut of a dark room, 

and directed to the ſun, you'll have his image at 

K, upon the plane MN. Or if the plane MN be 
fixt, then ſlide the tube CF, back and forward, 

within the tube FA, till you find the image dit 

tinct at K, upon that plane. K 

7 or 


8. V. INSTRUMENTS. 1569 
For if H be the focus of the lens AB, the ſun's Fig. 
image will be at H inverted. And as H, K, ate 114. 
conjugate foci; the image of K or the ſecond i- 
mage of the ſun will be at K erect. But in the 
concave lens CD, the firſt image would be at þ, 


„and the ſecond at K inverted. 


Cor. 1. To find the diameter of the image MN; it 
will be as HL: LK : : as the diameter of the image 


en: % MN re diameter of the image at K. 
For the ſun and the image at , ſubtend equal 
e ngles at the center of the lens G (by Prop. XXXI. 
"X 8 of B. III.); and likewiſe the image at H and the 
image at K, ſubtend equal angles at the lens L; 
k whence the foregoing proportion. 

ie Cor. 2. The larger the image MN ts made, the 
linter it will be. | 

ie For if it be as big as the object glaſs G, it will 
beas bright as if the ſun ſhined upon it. And there- 
bre if it be bigger, its brightneſs will be recipro- 
: cally as the area. — = 


ie Cor. 3. After this manner may be viewed the ſun's 
ace, bis {hots his eclipſes, the tran/its of the planets, 
t cds; likewiſe the moon's face, Sc. And this teleſ- 
cope is ſed by aſtronomers for this purpoſe. 


4 P-R-Q:4 XIV. | 1 
To fit up a teleſcope for taking ſmall angles, by 11 5. 
placing croſs hairs in the focus of the eye 8 laſs. | 


r 

n . 
be Take a braſs plate AB, in which make a round 

n hole, whoſe diameter is ſomething leſs than that of 
at dhe eye glaſs; this being placed in the focus P of 
de che eye glaſs (fig. 108, 110. ), ſerves for a ſtop to 
d, Neut off the ſuperfluous rays; and in this the hairs 
. Ne to be fixt, or rather ſeveral pieces of ſmall filver 

bre. In this plate is fixt the ſmall wire pg, going | 
Or thro 
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Fig. thro the center C of the circular hole; and yer. 
115, pendicular to it is fixt the hair rs, near the fide of 
the hole. There is a ſlider BDE, in which is fx 
the hair or wire tv, parallel to rs, ſo that when the 
ſlider is thruſt up cloſe to the fide EB, the hair y 
may coincide with rs; and when it is drawn out 
to the extent, the hair may be near the other ſide 
of the hole, at EB. Then the ſpace BF is d. 
vided into 10 or 100 parts, which is the utmoſt ex: 
tent between the hairs 7s and /v. Then the plate 
ADE muſt be fixt exactly in the plane of the imag: 
made at P (fig. 108, 110,) which may ealily be 
done after a few trials; for when it is right, the 
hairs will appear very diſtinctly thro? the eye glak, 
then they muſt be covered with a thin lantern hom, 
When the place of the plate is had, one may find 
the focus of the object glaſs by meaſuring from the 
hairs to the glaſs: and this is the exacteſt way, 
The plate muſt alſo be placed fo, that the center 
C of” the hole may be in the axis of the teleſcope. 
Then we muſt find what arch is repreſented by 
BF or no, the extreme diſtance of the hairs rs and 

tv, when the ſlider is drawn out to its uttermoſt. 


To find the arch or angle repreſented by no. 


Here the croſs hairs muſt be illuminated by: 
candle, made to ſhine on them. Direct the tele 
cope to ſome ſtar, and turn it round, till you find 
the ſtar moves along the hair pg; then the teleſ- 

> cope is in a right poſition ; therefore keeping the 
ſame ſide uppermoſt ; draw out the flider to the 
end of the diviſions, and direct the teleſcope ſo to 
the ſtar, that it may fall upon the interſection af 
the croſs hairs at u. Then the teleſcope being fat 
there, obſerve by a clock or a watch, how long the 
ſtar is moving from # to o. Then ſince one de- 
gree paſſes thro' an int in four minutes ume, 
or fifteen minutes > the equinoctial in one * 
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of time or ſixty ſeconds. Whence one ſecond of Fig. 
time correſponds to fifteen ſeconds, of meaſure. 115. 
Therefore dividing the number of ſeconds obſerved 

by the clock by four, gives the minutes of a de- 

gree anſwering to 0, But if the ſtar is out of the 
equinoCtial, this number muſt be leſſened in the 

ratio of radius to the coſine of the ſtar's declination. 


Otherwiſe. 


Set up two marks againſt a wall at a good dif- 
tance from you, ſo that looking thro” the teleſcope, 
the two hairs rs, tv, ſet to their utmoſt extent, 
may juſt cover the two marks. If they do not, ſhift 
the teleſcope further back or nearer hand; or elſe 
ſhift the marks, till they do. Then meaſuring the 
diſtance of the telefcope, as likewiſe the diſtance 
of the two marks from each other, you will find 
by plane trigonometry the angle included by the 
viſual rays ; and that is the angle repreſented by 
= 


S2. 


To take an angle with the teleſcope. 


Z. > = 5 SS K r r OS a 


Direct the teleſcope, fo that the fixt hair rs may 
juſt touch one ſide or term of the angle to be mea- 
ſured; and draw out the ſlider EF, till the move- 
ble hair 25 touches the other ſide; then mark the 
e diviſion of the ſcale at B; and knowing before 
4 WI vat arch zo repreſents: find by the rule of three 
of. what angle the number of the ſcale at B amounts 
1. WM to. | 

N If there be no moveable ſlider, then the two hairs 
to , t, muſt be both fixt. But then in taking an 
of angle, when one fide is ſet to rs, the other ſide will 
ut WY interſect o in ſome point, whoſe diſtance from x, 
he nn reſpect of no, can only be taken by guels, as there 
Je. vill be no ſcale to meaſure it by. | 
ne, But the moſt exact way of all for taking ſmall 
ate WM *2gles, is by the micrometer, which is an inſtru- 
of | ment, 
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n oP TICAL 2 
Fig. ment, with the croſs hairs like theſe deſcribe, 
115. and beſides there is a machine made of clock-wor, 


B. I 


that by turning the handle, moves the hair 2 1. 

ways parallel to itſelf ; and by one or two indexe, 

ſhews the diftance of the hairs very exactly. T 

There is another way of fixing the hairs, h the 

placing them diagonally, making half a right a. to o 

. gle with one another. And theſe are of uſe fu in 

finding the difference of right aſcenſion, or free 
. declination of any two ſtars, which the teleſcope Wi 72F* 
can take in. der, 

Theſe croſs hairs, and micrometers, are onh 
applied to refracting teleſcopes, but have not ye 
been uſed with reflecting ones, ſince they do in the 


magnify the angle ſo much. pie 

Cor. 1. Hence the diameters of the planets, no Wl eig 
be truly meaſured; and all the particulars of an « WY a fi 
clipſe determined; or any ſmall angles accurately ts am 


Ten; and applied to other aſtronomical uſes. dr; 


Cor. 2. The line no ſubtends an angle at the i by 
which is greater than the angle it repreſents; in pri po 
portion io the magnifying power of the teleſcope. 

For the line 10 4 placed with the image, 15 
they are both magnified alike, 


Cor. 3. Hence, no repreſents the angle which i 
ſubtends at the center of the object glaſs. 


For it is magnified in the ratio of the focal I b. 
diſtance of the object glaſs to the focal diſtance I d 
of the eye glaſs; that is, as the angle it ſubtends fi 
at the eye glaſs, to that it ſubtends at the object WW e 
glaſs. 1 | 25 ve 

re 
tl 
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To manage teleſcopes without tubes. » 


To do this, a long pole muſt be ſet upright in 
the earth, in a wide place, where there is nothing 
to obſtru& the ſight, In this pole is made a grove, 
in which a piece of wood is to be fitted to ſlide 
freely up and down, this is to be drawn up by a 
rope going over a pulley at the top, when it is 
uſed. The object glaſs, is; put into a ſhort tube AB, 
and this tube is fixt to a piece of machinery, made 
to move about two axes CD, lying acroſs one ano- 
ther, and this machinery is fixed to the ſliding 
piece of wood, On the under ſide of the tube a 
imall rod AF is fixt parallel to it, reaching fix or 
eight inches beyond the tube; to the end of this 
a ſtring G is tyed, reaching to the ground. Then 
any perſon on the ground. pulling at the ſtring, can 
draw the tube into a poſition parallel to the ſtring, 
by means of the NED ſo that the tube wi 
point directly to the perſon that draws the ſtring. 

The eye glaſs is alſo put in a ſhort tube H, an 
the under fide of which is alſo fixt a ſmall rod, at 
the far end of which I, the low end of the ſtring 
is to be fixt; and at the, nearer end a handle K is 


11 


,, ̃ RET Rs 
When an obſervation is to be taken, the ſliding 
piece of wood, with the object glaſs, is to be 
drawn up the pole to. a proper height, and there 
ft. Then drawing the ſtring IG, which is fixt 
to the tail of the object tube, to ſet it ſtreight on 
you; tie the low end of it to the end of the ſmall 
rod at the eye tube, ſo as the length of it between 
the glaſſes may be of a due length for diſtin& vi- 
ſion, which in the aſtronomical teleſcope, is equal 
to the ſum of the focal diſtances. Then the ſtring 
O drawing 


194 OPTICAL. 

Fig. drawing the two tubes, ſets them in a right [ins 
215. and if they alſo be in a right line with the fix 
you want to obſerve, then applying your eye to the 
tube, you will ſee the ſtar thro' the glaſſes. Butif 
they are not in a line, you muſt alter your pol 

tion; till they, are ſo. 
It is neceſſary that the obſerver have a reſt to lem 
on, or to lay the eye tube upon, like a chair back. 
For without it, the tube cannot be held ſteady, 
And the obſervations muſt be made in calm far 
weather, for the wind will ſhake the tubes, ani 
prevent any thing from being ſeen diſtinctly. And 
beſides in windy weather, the air is always foul, 
which makes it unfit to make any obſervations it, 
And the ſame thing often happens in calm we 
ther, when the air is full of groſs aqueous vapouts, 
And after this manner perſpeCtives may be uſed 
without cloſe tubes; which may be dotie by hold. 
ing the eye tube, applied to one end of a long 
ſtick, with one hand; and the object tube in the 
other hand, applied to the other end of the ſtick; 
and ſliding it back and forward on the ftick to 
yy diſtance ; which is ſoon found by a few 
trials. Obſerving to keep the tubes ſtreight on one 
another, and parallel to the ſtick. After this mat- 
ner one may uſe the elabes of a perſpective s 
long as ones arm, or longer, by tying the objed 
tube to the ſtick, at a proper diſtance from the 
nearer end of it; and after this manner, the good 
neſs of glaſſes may be tried, without the trouble 6 

putting them into long tubes. ER 


- 


- moveable pole, inſtead of one fixt in the ground; 
which may be uſed for glaſſes not exceeding {ix 0! 
eight yards focal diſtance, by tying the eye tube 
to one end, and the object tube towards the othe!, 
at a proper diſtance. And it may be raiſed Nen 
5 


And the ſame way one may make uſe of a long 
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z wall, or the ſide of à houſe, by the help of a Eig. 


o 


hay fork, or ſome fuck thing. 
Sometimes the figh 


would have kept out. To prevent which, 'twb 
ways may be uſed ; either to lengthen the tube of 
the eye glaſs; or to put an umbrella or border 
round the tube with the object glaſs ; and then to 
take ſight truly at the object, you muſt raiſe your 
eye above the eye tube, as high as the breadth of 
the umbrella. TS DID e e 3070 
To enlighten the object tube, to take ſight; a 
lantern may be uſed, tied to the end of a long pole, 
and fo raiſed up on high. - its rv, 


PROB. XVI. 
To make a reſlecting teleſcope. 


A refleQing or catadioptric teleſcope may be 


made ſeveral ways. I ſhall firſt deſcribe the Gre- 


gorian one, becauſe they are moſt in uſe. 


The Gregorian Teleſcope. 
ABCD is a tube © 
concave reflector, having a hole in the middle, 
and whoſe focus is x. arb a ſmall concave: ſpecu- 
lum, whoſe focus is 1. This is ſo placed, that the 
focus # of the great reflector, and the place of the 
image o, may be conjugate foci, or that in, ir, ta 
may be continual proportionals. HI is a ſhort 


# 


braſs tube, ſcrewing into the end of the large one. 
In this tube is the convex lens E, fo placed, that 
EO may be its focal diſtance, and EI the ſame ; 
and at the end I is a ſmall hole for the rays to come 
thro* to the eye. But I or the place of the eye is 
found more exactly, by making re, E, I con- 


O 2 Now 


tinual proportionals, 


tis diſturbed, by the fide light | 
coming into the eye tube, which a cloſe tube 


pen at the end AB, FG ally. 
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Fig. drawing the two tubes, ſets them in a right ſins 
315. and if they alſo be in a right line with the fx 
you want to obſerve, then applying your eye to the 
tube, you will ſee the ſtar thro' the glaſſes. But i 
they are not. in a line, you mult alter your pol 

tion, till they are ſo. 5 
It is neceſſary that the obſerver have a reſt to len 
on, or to lay the eye tube upon, like a chair back, 
For without it, the tube cannot be held ſteady, 
And the obſervations muſt be made in calm fair 
weather, for the wind will ſhake the tubes, ani 
prevent any thing from being ſeen diſtinctiy. And 
| beſides in windy weather, the air is always foul, 
which makes it unfit to make any obſervations it, 
And the ſame thing often happens in calm we 
ther, when the air is full of 881 aqueous vapouts 
And after this manner n may be uſed 
without cloſe tubes; which may be dofie by hold. 
ing the eye tube, applied to one end of a lotg 
ſtick, with one hand; and the object tube in the 
other hand, applied to the other end of the ſtick; 
and ſliding it back and forward on the ftick to 1 
proper diſtance ; which 'is ſoon found by a fev 
trials. Obſerving to keep the tubes ſtreight on one 
another, and parallel to the ftick. After this man- 

ner one may uſe the laſh 

long as ones arm, or longer, by tying the object 
tube to the ftick, at a proper diſtance from the 
nearer end of it; and after this manner, the good: 
neſs of glaſſes may be tried, without the trouble of 


putting them into long tubes. fs 
And the ſame way one may make uſe of a long 

- moveable pole, inſtead of one fixt in the ground; 
which may be uſed for glaſſes not exceeding ſix 0! 
eight yards focal diſtance, by tying the eye tube 
to one end, and the object tube towards the other, 
at a proper diſtance. And it may be raiſed up 
A. Wa 


Jes of a perſpectiye u 
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a wall, or the ſide of à houſe, by the help of a Fig; 
hay fork, or ſome fuck thing 18173. 
Sometimes the ſight is diſturbed, by the ſide light 
coming into the eye tube, which a cloſe tube 
would have kept out. To prevent which, two 
ways may be uſed; either to lengthen the tube of 
the eye glaſs; or to put an umbrella or border 
round the tube with the * glaſs; and then to 
take ſight truly at the object, you muſt raiſe your 
eye above the eye tube, as high as the breadth of 
the umbrella. ie e eee 38760 
To enlighten the object tube, to take ſight; a 
lantern may be uſed, tied to the end of a long pole, 
and ſo raiſed up on high. ar 


PROB, XVI. 
To make a reſlecting teleſcope. 


A reflefting or catadioptric teleſcope may be 
made ſeveral ways. I ſhall firſt deſcribe the Gre- 
gorian one, becauſe they are moſt in ule. — 


8, | 
The Gregorian Teleſcope. _ E 
ABCD is a tube open at the end AB, FG a 117. 
concave reflector, having a hole in the middle, 
and whoſe focus is u. arb a ſmall concave: ſpecu- 
lum, whoſe focus is f. This is ſo placed, that the 
focus # of the great reflector, and the place of the 
image o, may be conjugate foci, or that in, ir, ta 
may be continual proportionals. HI is a ſhort 
no W braſs tube, ſcrewing into the end of the large one. 
d; in this tube is the convex lens E, fo placed, that 
EO may be its focal diſtance, and EI the ſame ; 
be and at the end I is a ſmall hole for the rays to come 
er, W thro' to the eye. But I or the place of the eye is 
on W found more exactly, by making re, rE, 71 con- 
all, W tinual proportionals, 
O 2 Now 


T8 RT I '©w. e 


Fig. Now the open end AB being ſet direQly ty 
317. wards the object, the rays coming from all the 


in regard to the object. Laſtly, the rays. flowing 
E,, and being retracted by it, will emerge paralle 
erect thro! the teleſcope. . The path of an oblique 


or ſets it further, from the other reflector FG. lt 


OPTICAL 


points of the object, are parellel; and being re. 
fleted by the concave ſpeculum FG, will form the 
image of that object at », which will be inverted 
(by Prop. XVIII. B. II.) And for the ſame rea. 
ſon, rays. flowing from n, and reflected by the ſmall 
concave ab, will make the ſecond image at o, which 
is inverted in reſpect of the firſt image, and ere 


from the image at o, which is the focus of the glais 


to the eye; and therefore the object will appear 


ray coming from the upper part of the object, is 
KFxbswl. 1 en 

To ſuit all ſorts of eyes, there is a ſmall rod 
ML, with a ſcrew at the end M; this ſcrew goes 
thro' the arm which is fixt to the ſmall reflector 
ab, ſo that turning the end L. it brings it nearer, 


has a ſhoulder N to keep it ſteady. - 
The two ſpeculums FG, ab, are made of a mix- 
ture of copper and tin, but any white hard metal 


will do that will take a good poliſh. But no mix- 


ture has been found out. yet that will poliſh truly 


without pores, ſcars, and ſcratches, and dark ſpots 


in them. And the ſpeculum 46 muſt be a little 
bigger than the hole. in- the middle of the ſpecu- 


lum FG. ä | 
118. Inſtead of a ſingle eye glaſs, they are now gene- 
rally made with two; which increaſes the viſible 


area a little, and prevents the object being colour- 


ed at the edges of the aperture. In order to this, 


the conjugate focus o, muſt be taken in the leſſer 


tube Hl, a good diſtance beyond the hole; and 
then place a lens P near the hole, to make the 


rays converging to o, to converge ſooner, as to 9 ; 
. | | an 


CS <a 


r 
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and there to form the image. And then place ano- Fig. 
ther lens (a meniſcus) at E, ſo that Eg and Ev 118. 


may equal the focal * diſtance of it. Then the 
image which before was at , by the refraction of 
the lens P, will now be at.q. Therefore rays flow- 
ing from the image at q, and refracted by the lens 
E, will emerge parallel to the eye at v. But there 
is one inconvenience attending two eye glaſſes, that 
the object will be fainter by ſo many reflexions 
from their ſurfaces. n $i Vox, BOLD 
An eye ſtop is to be placed at the laſt image 3, 
to circumſcribe the image, and to cut off the ſu- 
rfluous rays, which is a thin baſs plate, with a 
fole in it, leſs than the reflector ab. Alſo a ve 
ſmall hole muſt be made at v, to let the rays pa 
thro* to the eye, which muſt be no bigger than the 
breadth of a pencil of rays at v. | 5 
Since ro, rE, rl are continual proportionals, 
| will be the focus of rays flowing from r; whence 
the image of the reflector ab will be painted dif? 
tinct at I; and therefore a hole is to made in the plate 
at I, juſt the bigneſs of that image, for the rays 
to paſs thro* to the eye. If that hole be any tic 
ger than the picture, the light coming by the ſide 
of the reflector ab, will go throꝰ the hole, and make 
the picture confuſed. And if the hole be lefs than 
the picture, rays from the extremities of 30 will 
not paſs thro', and fo the whole cannot be repre- 
ſented. Therefore to find exactly the diameter of 
the eye hole; it will be (by Prop. XVI. B. III), 
3 E: ab:: EI: breadth of the image at I, or 
the diameter of the hole require. ; 
If you hold a thin paper at I, inſtead of the 
plate, the image of ab will be painted on it, and 
will be viſtble: thro? the paper, being a black ſpot 
very diſtin&, ſurrounded with light; and thus one 
may find the bigneſs of the hole experimentally. 
And the like for two eye glaſſes. 5 
O 3 To 
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Jo ſee odjects that are near hand diſtinctiy; or 


117. for long-fighted people, to fee far diſtant objects 


118. 4. The brightneſs of the image is leſs toward: 


the little cancave ab, muſt be moved a little from 
the large one; but a little nearer for ſhort-ſighted 
21 755 And all this is done by turning the end 


of the rod LM. For if an object comes nearer, 


** 


itz image at n will come nearer 7; and as in grom 


leſs, 4 will grow greater; and e will come nearer 
the lens E. . Therefore to reduce it back, the 
glafs ab is to be ſet further off. But for ſhort. 


. ſighted people, the focus o muſt be ſet nearer E, 


to make the rays diverge more; that is, 70 muſt be 


longer, and conſequently in ſhorter, or ab brought 
nearer FG. And the contrary for long-lighted 
people. Therefore for far diſtant objects, and 
Mort - ſighted people, ſcrew right about. And un. 
ſcrew for near objects, and for old men. 


20 The properties of this teleſcope. 


1. It ſhews the objects erect; but not ſo bright 


as in a refracting teleſcope ; becauſe metal reflech 
leſs light than glaſs tranſmits. For by obſervation, 


it appears that all reflecting metals loſe more than 
a third part of the rays. 


2. The viſible area of an object is as the breadth 
of the eye glaſs. For (fig. 117.) if the image at 


o, and the eye glaſs E be increaſed, the image at 


n will alſo be increaſed, becauſe the angles of inci 


dence and reflexion at ab are equal; and conſc- 


"quently the viſible part of the object is increaſed. 
3. The brightneſs of an object is greater whe 
the aperture 1s greater. 
to the eye. 


"the extreme parts ; becauſe the ſhadow of the ſmal 


"fpeculum falls on the outſide; but on the middle 
At only covers the hole. And this diminution |! 


| greater in long teleſcopes. 


For then more light comes 


5. 


i r, they are reflected by the little convex. 
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5. It is found by experience, that a concavet re- Fig- 
fector, whoſe focal diſtance is 9.6 inches, will bear 118+ 
an aperture of 2.3 inches; and requires a ſmall 
ſpeculum, whoſe focal diſtance is 1.5 inches, and 
breadth 0.6 inches; and two eye glaſſes, whoſe 
focal diſtances are 3.8 and 1.1 inches. Whence 
the other requiſites are, the breadth of the hole = 
0.5 inches; diſtance of the little ſpeculum and the 
greater eye glaſs = 14.2 inches; diſtance of the 
eye glaſſes 2.4 inches. The magnifying power of 
this is 60. Gs wk 5 
6. A teleſcope of this ſort is, far ſhorter than a 
dioptric teleſcope that has the. ſame magnifying 
wer. For one of theſe reflectors 16 inches long, 
s found to magnify as much as a dioptric one of 
15 or 16 feet long. 


Mr. Caſſegrain's zeleſcope. | 
ABCD is a tube open at the end AB; FG a119. 
concave ſpeculum whoſe focus is n, and in the 
middle of it, is a round hole for the reflected rays 
to paſs thro* ; arb a ſmall convex ſpeculum whoſe 
focus is #; this is placed between » and FG, ſo 
that the focus # of the great concave, and the place 
of the image o, may be conjugate ſoci, or that 7, 
tr, to, may be continual proportionals. HI is a 
ſhort as 4 tube, ſcrewing into the end of the 
larger, having a convex lens E in it, ſo placed, 
that Eo, EI may be each equal to its focal diſ- 
tance. Ar I is a ſmall hole for the rays to come 
thro' to the eye, which is ſomething leſs than in 


bregory's. ED = | 
ow when the open end is ſet towards the ob- 


Leck, Toby ch rays coming from the object are re- 


flete the great concave FG, to the focus z, 


nnd there would make the image of it inverted 


(by Prop. XVIII. B. II.); but before they 8 


O 4 do 
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Fig. to the conjugate focus o, which being on the other 
119. fide of the reflector, will {by the ſame Prop.) make 


there the ſecond image, erect in reſpect of that at 
u, but inverted in reſpect of the object. Then 
being the focus of the lens E, the rays flowing from 
6, and being refracted at E, will emerge parallel 
to the eye at I; where the object will appear in- 
verted; but may be made erect, by 5 the 
focus o to fall without the tube HI, and applying 
a concave lens, as in Galileo's teleſcope. 

To move the ſmall convex back and forward to 
ſuit all eyes and objects, there is the ſame contri. 
vance as in the Gregorian teleſcope, by the rod LK, 
And inſtead of one eye glaſs two may be uſed, which 
muſt be placed as in the Gregorian. At o an eye ſtop 
15 to be placed as uſual, to keep off ſtraggling rays. 

The tract of a ray RG coming from the upper 
part of the object, will be RGaswl ; where the 
part Ga tends to -. 


The properties of this teleſcope. 

1. It ſhews the object inverted ; and therefore 
is more proper for the night, where the inverſion 

of the objects is not regarded. 
2. It is ſhorter than Gregory's teleſcope, by 
twice the focal diſtance of the lefler ſpeculum ; and 
has the fame magnitying power, or rather more, 
and ſhews the object as bright. | 
3. The viſible area is as the breadth of the eye 
glais. For increaſing the eye glaſs, more rays will 
come from the outſides of the object. 

4. The greater the aperture is, the brighter the 
object will appear. For then more light is brought 
to the ſame parts of the retina. This will alſo ap- 
pear by ſtraitening the aperture, by putting a pa- 
per before it, with a hole in it. 2 | 
5. The brightneſs of the object is ſomething lels 
towards the extreme parts, occaſioned by the ſha- 
dow of the {mall ſpeculum, The 
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The Newtonian teleſcope, _ OX Fig: 
ABCD is a tube open at the end AB; FG a x20. 
concave reflector, whoſe focus is . arb a plain 
metal reflector, ſet to an angle of 45 degrees with 
the axis yz of the concave. Or inſtead of metal, 
you may have a glaſs priſm abm, the fide by being 
parallel, and am perpendicular to the axis 7z, and 
am equal to bm, and the fide ab muſt not be quick 
filvered over; for it will reflect all the light with- 
out it. And whether this reflector be metal or 
glass, it muſt be an oval, whoſe length ab muſt be 
. to its breadth, as H to 1; becauſe it ſtands ob- 
1 WI liquely. This reflector is cemented to an arm L, 
p which 1s fixed in the fide of the tube, ſo that the 
axis of the ſpeculum may paſs thro* the middle of 
r WI 4. Let ro be made equal to ry. And let o be 
e the focus of the glaſs lens e, placed in the fide of 
the tube; and a thin plate laid over the glaſs, with 
a ſmall hole in it; or rather a ſmall tube going 
from thence, of the length of eo, or rather more, 
. as El; at the end of which I is a ſmall hole for 
n WW the rays to paſs thro? to the eye. The reflector ab 
muſt not be made too great, and the reflector FG 
may either be made of metal, or of glaſs, accord- 
| WH ing to Prob. V. $428! 
. The tube AD being turned with its open end 
AB towards the object; parallel rays coming from 
e all the points of it, will be reflected from the con- 
l cave FG to the focus 2, where would be made 
the image of it inverted. But by the interpoſition 
e of the ſmall reflector a5, they are hindered from 
t coming to », and are reflected thereby to the focus 
- W 5 where they form the ſecond image equal to that 
at. Laſtly, rays proceeding from this image, 
which is alſo in the focus of the lens e, will be re- 
ffacted by the lens, and emerge parallel to the eye 
placed at I. Therefore if the face be ſet W 
| tne 
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Fig. the open end AB, and the eye applied at J, th 

120. object will appear inverted. Or if you ſet you 
face towards the other end CD, it will appear ere 
to the eye at I; but it is troubleſome to ſtoyy 
down, except the teleſcope be nearly in a horizon 
tal poſition. | 

The image may be made erect, by making the 
Hides am and bm of the glaſs priſm not plain bu 
convex, that the rays may croſs, as well before 
they come at it, as afterwards between it and the 

eye glaſs. Or it may be erected, by projecting the 
focus o, without the tube, and applying a concaye 
-at e, of a proper focus. | 
Ihe tract of an oblique ray RZ coming from 
the upper part of the object, is RZaswl, when 
the part Za tends to x, but is reflected in direQion 
as by the plane as. | * 

The inſide of this tube, and indeed of all tele. 
copes, muſt be made very black, to abſorb the 
Tays of light that fall upon them. 

All theſe forts of reflecting teleſcopes are ſet 
upon a ſtand with three feet; and are moveable in 
it every way, ſo that they may be directed to any 
object; which done, they are fixt there with a ſcrey, 
which keeps them ſteady in that poſition. 

In ſuch of theſe teleſcopes as magnify much, 
there is a ſmall teleſcope fixt to the tube, by the 
help of which, any obje& may be found out, by 
directing it to the ſame object. 


The properties of this teleſcope. 

1. It will bear a greater aperture and eye glal 
than either of the others; and conſequently vil 
magnify more by about a fifth part. It has like} 
-wiſe other advantages, for leſs light will be loſt by 
reflexion from the oval plane, than from a ſpher- 
cal reflector. And will alſo reflect the light mor 
truly. In the other teleſcopes, the diſtance of 8 

| e 
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eye glaſs and little reflector is greater, which aug- Fig 
ments the errors of refraction. The errors of the 120. 
object metal will be more augmented by reflexion 
from the ſmall convex, which therefore 1 a 
more exact figure; and hence it will not bear ſo 
large an aperture; alſo being convex it magnifies 
too much, and therefore will repreſent the objects 
obſcure, dark, and confuſed. 
2. The object in this teleſcope appears inverted, 
and therefore is fitter for the night: beſides, it ap- 
| pears in a quite different place, which is not ſo 
natural, as when it is ſeen in its true place, by 
looking towards it thro* the teleſcope. And this 
makes 1t hard to find. 
4. The viſible area is greater, the broader the 
eye glaſs is. And the object is brighter, the larger 
the aperture is. 
4. This and other ſorts of reflecting teleſcopes, 
are ſhorter than dioptric ones of the ſame magni- 
fying power. Becauſe the images made by re- 
fraction, are confuſed and imperfect, by reaſon ; 
of the different refrangibility of the rays, which 
has no effect in reflections. And conſequently 
theſe images will not bear to be ſo much magni- 
hed by refractors. a ' 
5. There 1s more care required in giving a true | 
figure to a reflecting ſurface than to a refractin 1 
one. For an error in the figure of a reflector will 1 
produce almoſt ſix times as great an irregularity in 
the image, as it will do by the refractor. 


PRO B. XVII. 


To find the magnifying power of a refleting teleſ- 
tape; alſo ihe inaiſtintineſs and brightneſs, and viſual 


angle. 


Let rV be the axis of the teleſcope, and let an 121. 
object appear to the naked eye under the angle 


RVr 


. 7 Fi 
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Fig. RVr or RVs, being the focus of FG; dk eye 
121. ux be the firſt image made by reflexion from redet 
| and os the ſecond image made by reflexion fun the! 
| ab. Then drawing „E to the center of the that 
| glaſs, the angle EO (by Prop. XVII. B. III.) isthe iſ 
| - angie which the object appears under thro? the te. of tl 
leſcope; and therefore it is magnified in the rati ſquat 
| of Rur to oEs. But the angles of incidence and rerſ 
| reflection being equal, we have RVr x, and the | 
| nrx = 0rs. | diſta 
| Now the ratio of RVr or _— to Es, is com Wis as 
FF pounded of (RVy or) nV to arx, and of (Arx of) 
| ors tooEs; that is, of rn to V, and E too; 
| or of 71 X 0E to V X or. And therefore d If 


nV. X or the b 

magnifying po .. 5 
zgnifying p 1 ut ſince # is d 
focus of ab, and (by conſtruction of the teleſcope or th 
in: ir: 4; to, therefore ur : ir: : or : io, and 5 
_ = = and therefore the magnifying power ria 
AV X 10 8 a oy the n 
IF This is in the Gregorian and CaſſegrainiW th 
teleſcopes. But in the Newtonian one, where the "my 

images nx and os are equal, ir and to have no 
thing to do; and its magnifying power is = 2 

0 
7 Co 
or (fig. 120) f. ad 
TIES th E 
For the indiftinfneſs. 12 
The confuſion or indiſtinctneſs of the image in 

the focus of the reflector, is as the circle of abet- New, 


ration; and (by Cor. 1. Prop. XXIV. B. 1 the 


diameter of the circle of aberration is as 7 
that is, as the cube of the aperture direly, and 
the ſquare of the focal diſtance inverſly. And th 


appar ent 


f V. INSTRUMENTS. 
app 


e gl 
te Beal diſtance of the eye glaſs inverſly. And 
the indiſtinctneſs in the eye is as the apparent area of 
that circle, that is as the 6th power of the aperture 
directly, and the 4th power of the focal diſtance 
of the great refleQor 1nverſly,.. and alſo as“ the 
ſquare of the focal diſtance of the eye glaſs in- 
very. Therefore if A be the aperture, and F 
the focal diſtance of the large reflector, g the focal 
diſtance of the eye glaſs; then the indiſtinctneſs 
A I e $a 1 


; 


8 4s Fee . yo Ra 

For the brigbineſ. 

| If the area of the image in the eye be given, 
the brightneſs will be as the quantity of. light, that 
; as the ſquare of the aperture. And if the light, 
or the aperture be given, the . brightneſs will be as 
the area inverſly.' Therefore in general the bright- 
neſs is as the ſquare of the aperture directly, and 
the area inverſly, but the area is as the ſquarę of 
the magnifying power; therefore the brightneſs is 
a the ſquare of the aperture directly, and the 
ſquare of the magnifying power reciprocally. There- 
fore if M be the magnifying power, the brightneſs 


wa | 2 
V WBAS —. 


4 M- „„ 

Cor. 1. F F, 7, be the focal diſtances of the great 
and ſmall refletor , g = focal diſtance of the eye glaſs, 
lh =d. Then in the Gregorian and Caſſagrain's te- 


kſcope, the magnifying Power is Fd d in the 


C in fs | 
Fe Newtonian, it is I 11 


TY | Cor. 2. An object appears equally diſtin? in refle- 
ns teleſcopes of the ſame ſort; when the focal diſtances 


arent magnitude of that diameter ſeen, thro? the Fig. 
e glaſs, is as the diameter itſelf directly, and. 12 1. 


Fig. of the eye glaſſes, are as the cubes of the apertury q 
121. the great reſlectors, divided by the ſquares of their ſi 


| ſuits them very well; then M will be as —, an 
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cal diftances. 


7 A l oh C 
For if x. be given; A“ is as Fg, and WM v7 
. At fr on 
as F* g, whence g 1s * f F 
5 | the 
Cor. 3. In refleing teleſcopes of the fame ſort ; a lens 
objel appears equally bright, when the aperture is u mini 
the magnifying power. Vu 
For if Gy be a given quantity, then A is a <- 
M., and A is as M. | by E 
Cor. 4. In ſeveral reflecting teleſcopes of the ſan 8 
fort, an object will appear equally bright and aiftini ¶ lite 
when their apertures and magnifying powers are tat þ 
as the fourth roots of the cubes of the focal diftanth * , 
of the great concaves; and the focal diftances of th ; 9 
Oe glaſſes as the fourth roots of theſe focal diſtance, 10 ® 
For in the Newtonian teleſcope - M is & 6 7 
, and lde A is as Mf therefore Ag i eye g 
F, and g as , but g is allo as ; therefore Angle 
A | | F* A 't to 
Ba, and F* as A+, and A as F:; and ther * 
"$1 Mis 2/5, Wheteg hb rae LE. 
tore is as V . ace ꝙ 1 4 F. or as V kene 
And in the Gregorian and Caſſegrain's be Co 
we have Mas ==, wherein if we ſuppoſe — «Wins 
Sy | ts | PF 7 And 1 
[which is the ſame thing) 15 a given ratio, vid e 
1 0 
E ad t 


8 


;. V. INSTRUMENTS: 207 
all things will follow as before in the Newtonian Fig. 
teleſcope. N Ont EP. 121. 

Cor. 3. In reſlecting teleſcopes the viſual angle 1s 
4 the breadth of the eye glaſs, divided by its diſtance 
from the ſmall refletor. 8 | 

For the angle of reflection at # being equal to 
the angle of incidence, the ray 7s will miſs the 
lens E, if it is not broad enough. Therefore di- 
miniſhing the lens, diminiſhes the angle gr and 
Ver; and alſo rVx, and rVR the viſual angle; and 


Co is as 7 = breadth of the eye glaſs, divided 
Cor. 6. F N be the angle, which the eye glaſs 
ſubtends at the little reſiector. Then 2 is the angle 


ihe telefcope takes in, nearly ; ſuppoſing 'the bole as big 
as the eye glaſs. But in Newton's, the angle taken I 
in, is that which the eye glaſs (placed in the focus) [ 
ſubtends at the great concave. x | 

For ſuppoſing the ray rs to touch the edge of the 1 
eye glaſs, then the angle N = ors or xr», is to be i 
diminiſhed in the ratio of rn to V to get the | 1 
angle VX or RVz, that is nearly in the ratio of 14 
f to V, or F to F. And in Newton's, ax ſub- | 
tends the angle Zx = RZn (fig. 120.) The an- 1 
gle N r the linear view; and that diminiſhed in the 1 
atio of F to F nearly, is the real angle, the part 
ken of the object, appears under, to the naked eye. 


Cor. 7. In ſimilar refleting teleſcopes, the magni- 

ol bing power, diftintineſs and viſual angle, are the ſame. 
Aud the brightneſs as the ſquare of the length of the 

hcl eleſcop . | 

For F, f, g, are in given ratios to one another; 


an ud the magnifying power is as = or 7 which U 
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Fig. is a given ratio. And the diſtinctneſs (or! in 


are root) is as fr „and this is a 8 ratio, 
6 
Alſo the viſual angle 18 as = or as — = pu. 


ting þ = breadth of the eye glaſs), which i 1s alot 
given ratio. And laſtly, the brightneſt is as 0 


or as A* (becauſe M is given ) that i is, as Fs. 


Cor. 8. From what has been laid down concernin 
the nature and conſtruction of theſe teleſcopes, it wil 
not be difficult to conſtruct one of any length. I pol 
here inſert ſome tables conſtrued by the precedin 

The Gregorian T clſeope. | 
linches|inches| inches | 
1.01 |0.32| 1.25 | 25]. 
2.23 | 0.38 | 1.53] 366 


2.70 | 0.42 | 1.73 471 
3.62 | 0.51 | 2.04 - 68] 


4 52 | 0.56 7255 93 
6.26] 0.65 | 2. 


82 
185 
M 
— 
+> 
O 


> Mr. Caſgrain's.. : 

F 

in. inches inches|inches|inches| - 
602.17 | 3.89 | 0.42 | 1.67 | 90 


3 357 6.57 | 0.59 2.34155 
5 ©1517 |9.6110.76| 3.03 1230! 


Sir J. Newton's. <- 
hon ED RY OR 
tectincheginches| 
| = | 0.86] 0.16 | 36} 
| I | 1.44 | 0.20 | 60 
j 2 | 2.45 | 0.23 [102] 
| 3 | 3-31 |0.26 [138] 
— 4.10 | 0.28 17 
5 | 4.85 | 0.29 202 
16 | 5.57 | 0.31 232 
8. 6.89 | 0.33 287 
110 |8.16|.0.35 340 
j12 [9-36] 0.30 39 


— 


ScHoLIiUM I. 


The breadth of the ſpeculum 4+ is not deter- 
mined by the foregoing calculations, and therefore 
is left to the judgment of the artiſt. But it muſt 
be conſidered, that if it is too broad, it will inter- 
cept too many of the beſt rays, from coming ta 
the wy concave FG; and if it be two ſmall, 


it. Therefore to avoid both inconveniences, it 
will be proper to make its breadth to that of FG, 
as their focal diſtances, or rather as rn to Vn. For 
then it will juſt reflect the whole pencil of direct 
rays that falls upon FG, (ſee fig. 118.) 


Likewiſe — was aſſumed a given ratio; hut as 


It is unlimited, it may be taken otherwiſe ; and 
then this will cauſe a variation in all the other quan- 
ties, and their proportions to one another. And 
Jef this experience will be the beſt guide. 


* 


In the tables before laid down, it 1s ſuppoſed 
that the focus „ falls at or about V, and on that 
| P 


ſup- 


„ VS! * 1 
a * 8 1 , 
V INSTRUMENTS 
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1 1 A 4 . 3 : 2 . £& % . 3 


many of the rays reflected from FG, will paſs by 


2.10 


Fig. ſuppoſition the magnifying powers are calculated; 
121. 


that at ; and therefore this conſtruction will not 
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- 


which would be greater if o falls beyond it. 
Inſtead of a ſmall concave or convex reflector 

ab, a plane jefleftor may be uſed. But then to 

have the focus 0 to fall at V, it muſt be placed 


in the middle of AV; and then its breadth muſt be the 
half of FG, or elſe it cannot reflect all the direct of 
rays falling on FG, and reflected by it. Such a x þ 
plane reflector would ſtop a quarter of the dire | 
pencil of rays, and the beſt of them too. And nd 
beſides, the image at o would be no bigger than fac 


anſwer the end. 
Very long teleſcopes ſhould not be uſed to mag 
nify terreſtrial objects. For they equally magnity 


the particles of the atmoſphere, and all groſs vx Wl foc 
pours ariſing in it. And thro? ſuch teleſcopes the 
air appears in a perpetual tremor ; and the more ſo, Wl diſt 
the more the teleſcope magnifies. And this trem. 
bling motion of the atmoſphere makes every ob- hy 
ject appear confuſed and indiſtinft. The only re- 
medy 1s a ſerene and quiet air. : ] 
If it was not for the different refrangibility of Wl te 
the rays, the errors in refracting teleſcopes, would Wl hal 
only be ſuch as are cauſed by the ſphericalneſs of 
the figure of the glaſſes; and then the dimenſions 
of the ſeveral parts would be proportioned by the F 
{ame rules, as in reflecting teleſcopes. But as ex- Wl al 
perience ſhews the contrary, it is plain, that the W i; n 
aberration ariſing from the ſpherical figure, is ex- W par: 
tremely ſmall, in compariſon of that proceeding pro 
from the different refrangibility. ſere 
I ſhall here add the algebraic expreſſions for the gig 
ſeveral parts of Gregory's teleſcope, ſuch as have I that 
been found to anſwer experience. | at 0 
Let focal diſtance of the great concave = F. WI whi 
its breadth — — — S A. fr 
magnifying power — — SM. 


tan. 


B. V. INSTRUMENTS. 
tan. angle the hole in the — | 
ſubtends at the eye glaſs 


2 =, ſdAc+cc=R. 


then, c = breadth of the image at u, of ſo much 
of the object as the eye takes in; ſuppoling the 
eye glaſs as big as the hole. | 

Breadth of the hole in the concave, . 


. 


Nete, day teleſcopes require an eye glaſs of twice 
the focus of night teleſcopes z and magnifies but 
half as much. 


Scnoriuvm II. 


Beſides the teleſcopes deſcribed before; there is 
X- Wl iſo one called a Binocular or double teleſcope. This 
i; no more than two equal teleſcopes ſet in a frame, 
parallel to one another; and theſe may be ſet at a 
Ns Wl proper diſtance from one another, by the help of 
ſerews; and that diſtance is to be the ſame, as the 
diſtance of the two pupils of the eyes. When 
that is adjuſted, a perſon is to look thro* them both 
at once; thro* one with each eye, to any object; 
which will then be ſeen by both eyes, and appear 
far brighter than thro? a ſingle teleſcope. 


P 3 Al 


or of the ſmall ſpeculum (a) BORE 
focaldiſtance of the ſmall ſpeculum (F) . . 
diſtance of the ſpeculums (Vr) = F + * I. 
focal diſtance of the eye glaſs CEO) = : 25 
diſtance of the eye (EI) = * 1 
breadth of the hole in the plate at the eye = £ ER 


Or rien 


All teleſcopes in general repreſent all terreſtria 
objects to be nearer hand, but not larger; and this 
nearnels, vicinity or ſeeming approach of the ob- 
jeR, is as the magnifying power of the teleſcope, 
Thus looking at a man 100 yards off, with a te. 
leſcope that magnifies 100 times; the man will ap- 
pear no bigger, but will ſeem only to be a yard 


* 


off; and the like of other objects ſituated on the 
earth. 


* 


PR OB. XVIII. 
. To find the magnifying power of a teleſcope, by en- 


periment. ; 


Make two equal circles of paper of an inch dia- 
meter or more, and fix one of them upon a wall 
100 or 200 yards diſtant ; and the other at a ſmall 
diſtance, in a line with the firſt. Then look at the 
further circle thro? the teleſcope with one eye, and 
at the near circle with the other eye naked. Move 
the nearer circle (or elſe the teleſcope) back and 
forward, till the two circles appear equal, or coin- 
cide. Then meaſure the two diſtances, from the. 
eye glaſs of the teleſcope to the two cirles ; then 
divide the greater diſtance by the leſſer, and you 
have the magnitying power of the teleſcope. 


Or thas, 


If you be in a room where there is a caſement 
or ſaſh window; cauſe a ſtaff, or ſuch a thing of 
two or three feet long, to be ſet upright at a good 
diſtance from the houſe. Open the window, and 
place yourſelf at a convenient diſtance therefrom, 
ſo that you may be in a line with the ſtaff, and the 
ſide or frame of the window. Then looking thro 
the teleicope with one eye, to the ſtaff, mark the 


extremities of the ſtaff where they appear on the, 


window frame. Alſo with the other eye naked, 


8 


IV. INSTRUMENTS. WL 
{or with the ſame eye afterwards, placed where Fig. 
the eye glaſs of the teleſcope was) look at the ſtaff, 

and mark the extremities of it alſo on the window 
frame. Meaſure how oft this laſt diſtance is con- 
tained in the firſt, and that is the magnifying 
power. 

Inſtead of a ſtaff, an accidental object may pre- 

ſent itſelf, which will do as well; as a chimney top, 

a window or door of a houſe, a tree, &c. By try- 

ing thus ſeveral times to find if your marks be 
rightly ſet, you may do the thing pretty exactly. 

In a refracting teleſcope, when you have a large 
object to look at, you may do the ſame thing, by 
looking the contrary way thro' the teleſcope to di- 
miniſh it; and making marks as before; and like- 
wiſe looking with the naked eye, and making marks 
likewiſe; for theſe will give the ſame reſult. In- 
ſtead of marks, you may ſtick pins into the win- 
dow frame. 


"PRO. AKC. 
To make a fingle microſcope. 


A microſcope is an optical inſtrument, made of 122. 
one or more glaſſes, or ſometimes with a reflecting 
metal ; to view very ſmall objects. 

To make a ſingle one, take a very ſmall lens L, 
fix it in a frame to take hold on with the fingers; 
and place any ſmall object PR in the focus of it; 
aud applying the eye cloſe to it on the other ſide, 
| at O, and looking thro? the lens; and it will view 
the object diſtin&ly and magnified. Or if the fo- 1 
cus is not known, move the object to and fro', till 1 
' it appears moſt diſtinctly; and then it is in the fo- 1 
cus; and therefore the rays will be refracted paral- 1 
. lel to the eye. e | 1 | if 
. In this microſcope, put D = the leaſt diſtance, 1 
q that the naked eye can ſee diſtinctly; then the mag- i. 

P 3 nifying it 
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122. nifying power of the microſcope is OL And i 


will appear under the ſame angle PLR as before. 


1 
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is ſeen direct. Wh Oy 
For the rays from P and R enter the eye under 
the angle PLK, but to the naked eye the object 
appears under the angle which PR ſubtends at the 
dutance D. And theſe angles are reciprocally a 
the diſtances D and QL And therefore the apps 
rent mag nitudes are in that ratio. | 

If the lens L. was taken away, and a plate with 
a ſmall hole in it put in its place; the object PR 


Otherwiſe thus. 


Since lenſes cannot be formed ſmall enough to 
view very minute objects; there is a neceſſity of 
making uſe of very {mall ſpheres for that purpoſe. 
Let ABD. be a ſmall ſphere, C its center, PQR an 
object, placed in the focus Q, where AQ = ZAC, 
Then applying the eye cloſe behind the ſphere, it 
will ſee the object magnified. For the rays flow. 
ing from the focus Q, and falling on the ſphere, 
will emerge parallel to the eye, and the object will 
appear diſtinct, and erect, | 

f D be the leaſt diſtance that the naked eyt 
can ſee diſtinctly; then the magnifying power will 

Wo 


CQ. 

„ JOEWE PCG, RCF thro' the center C, the 
rays from P and R come to the eye under the an- 
gle FCG or PCR, And that angle is to the angle 
which the object appears under at the diftance D, 
as that diſtance D to CQ; and therefore that is the 
ratio of the magnifying power. 


Whence this ſphere has the ſame magnifying 


power as a lens whoſe focal diſtance is CQ. But 
thele {pheres are inferior to lenſes becauſe 1n - 
ens 


0 


- + _ 
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lens the object is three times as far diſtant from it, Fig. 
as it is from the ſphere; for which reaſon the 123. 


ſphere hides almoſt all the light from the object. 
Theſe ſpheres are fixt between two braſs plates, 
or rather one plate doubled in the middle; and 
having a ſmall hole drilled through it, to take up 
about thirty degrees of the ſphere; and in this 


hole the ſphere is lodged. 


Otherwiſe thus. 


AB is a tube, having a ſmall lens or ſphere fixt 124. 


in the end A, and the end B muſt be covered with 
a very thin paper. P is the object, which muſt 
be placed a little further off than the focus; ſo 
that the other focus (conjugate to P) may fall juſt 
on the paper at B; r. is eaſily known by mov- 
ing P back and forward, till the image at B be 
diſtinct, where it will appear magnified, in the ra- 
tio of the length of the tube to the focal diſtance 
of the glaſs Shave or lens, and inverted. The 
object P ought to be illuminated. 5 

A microſcope may be made, by placing twa 
plano convex glaſſes in a frame, to touch at their 
convex ſurfaces. This will ſnew the objects flat 
and not crooked. 


Cor. 1. In fingle microſcopes, the object will be 
equally diſtind, wheu the apertures are as the focal 
diſtances. | 

For then they are ſimilar parts of the whole 
ſpheres, and conſequently there is the ſame ſepara- 
tion of the rays in both, upon which the indiſtinct- 
neſs depends. 


Cor. 2. The magnifying power of a Angle lens 15 
reciprocally as the focal diſtance; or it is 51 R 


For D the diſtance to ſee diſtinctly, is given. | 
Fs Cor, 


OPTICAL. 
Cor. 3. An cbjef would appear as great to the 


122. naked eye as thro a ſingle microſcope, if it was placed 


at the focal ditance from the eye, and the eye could fe 
aiftinfty at that diſtance. 


For then D = QL, and the magnifying power 


= is 13 and it would appear under the ſame 


angle to the naked eye as thro the microſcope. 


Cor. 4. The brightneſs of an object ſeen through a a. 


Single microſcope is as the ſquare of the aperture, di- 
vided by the ſquare of the focal dijtance. 

For the focal diſtance and aperture being ſu 
poſed in a given ratio, the angle which the glaſs 
ſubtends at the focus is given, and conſequently 
the quantity of light contained in that angle (or in 
a cone deſcribed by its revolution) will be given. 
But when a given quantity of light enters the eye, 
the- brightneſs of the image will be reciprocally as 
its bigneſs, that is reciprocally as the ſquare of the 
magnifying power, or reciprocally as the ſquare of 
the focal diſtance. Now increaſe the aperture, and 
the light will be increaſed in the ratio ot the ſquare 
of the diameter of the aperture. ä 


Cor. 5. The more convex the lens i is, the greater is 
the image; but then it is alſo the more obſcure. Aud 
therefore we cannot magnify as far as we pleaſe, un- 
leſs more light. be borrowed to illuminate the objett; 
and that would fail at laſt. 

For the power of the microſcope would be li 
mited by the breadth of the pencils, that enter the 
pupil, and theſe are equal to the breadth of the 
aperture; and if that be leſs than + or + of a line; 
the edges of the object will begin to appear in- 
diſtinct. And to preſerve the ſame diſtinctneßs, 
the aperture cannot be increaſed, but muſt be in 2 
given ratio to the focal diſtance. | 


Scn0- 
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There is a way to make water microſcopes, 124. 
which 1 is thus; take a thin braſs plate, and dril a 
hole in it, about the 3oth part of an inch. Then 
take a little water upon the point of a needle or 
pin, and fill the hole with it, and this water will 
form a double convex lens or ſphere. Then a 
ſmall object being placed upon a thin glaſs, fixed 
in the other end of the braſs turned up, and 
drawn into the focus by a ſcrew. - Then the object 
will appear magnity'd thro* the drop of water, 
more or leſs according to the ſmallneſs of the hole. 
But this ſphere of water will exhale, and vaniſh ll 
away in a little time. 

If an object be illuminated by ſome homogeneal 
colour in a dark room, the . microſcope will bear 
a deeper charge and a larger aperture, with diſ- 
tinctneſs. | 

To make the little glaſs ſpheres for microſcopes. 1 
Take ſome ſmall pieces of broken glaſs, and hold 
them in the blue flame of a candle, till they be | 
red hot, and run into globes, or rather in a lamp | 
made with rectified ſpirit of wine, with a wick [| 
made of ſilver wire laid cloſe together. Any ſmall | 
piece of glaſs taken upon the end of a filver needle 
wetted with ſpittle, and this held in the flame till it 
is melted, and becomes round, then it muſt be im- 
mediately taken out and cooled. Or take a clear 
piece of glaſs and heat it in the lamp, and draw 
It out into a long thread; then holding the end -- 
of the thread in the flame, till it run into a round 
globule hanging at the end of the thread; it 
muſt then be taken out. Theſe will magnify 
vaſtly if they are as big as a grain of muſtard ſeed, 1 
or of a ſmall pin head. The chief uſe of theſe 
lobules, is to look at tranſparent particles of mat- | 
ter 5 { 


— — — _ 
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Fig. ter; and the leaſt globules have the greateſt pom (IQ 
| of magnifying. focus 
Drops of liquors which are to be viewed, mut conti 

be ſpread · upon a thin glaſs, contrived to ſid Mee, 
every way, that all the parts of it may be brougie ode 
ſucceſſively to the focus. 2 a ul 

By help of theſe inſtruments one may ſee te ter 
circulation of the blood in animals; the animal ldi 

cula that ſwim in drops of water impregnatei i beer 

with ginger, pepper, and ſuch like things; alſo n bens; 
vinegar. Their forms are various, and their mo- one | 

tion odd and ſurpriſing ; theſe in vinegar are lik F. 

eels, and ſwim like them; and generate their om ” © 
kind. It is likely theſe animals are drawn out of , 

the air by the ſmell of the infuſion in which the oh 

are found. For none appears in a veſſel thaty = 

cloſe covered. Milk appears to conſiſt of tranh- I l. 

rent globules, ſwimming in a tranſparent liquor, 35 


but of a different degree of refraction. The ani- 
malcula that ſwim in water are of a globular form, 
but tranſparent; they have two motions, one pro- 

eſſive, and the other a rotary one; they are ei. 
ceedingly ſmall, 30,000 of them being but equi 


to a grain of ſand. In rivers after rain there at * 
plenty. Rain water has many, and ſnow water AB 


more. The dew and the air is full of them. 


PROB. XX. 


To make a compound Microſcope with two or nom 
convex lenſes. 


129. Let the microſcope be made with the two lenſ 
A and B; A the object glaſs, which muſt be 
ſmall one, and very convex; F its focus. Þ 

the eye glaſs, being larger than the other. PR = 

the object, which muſt be placed a little beyond MW An 

the focus F, of the glaſs A. Make Q, VU (t0 
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| q the Fig. 
ſocus of the glaſs Alſo make Ag AB, AO 1286. 
continual proportionals, and O is the place of the 
eye, where looking thro? the glaſs B, it will ſee the 
object at 9 inverted. Theſe glaſſes are incloſed in 
tube, which may be brought nearer, or ſet fur- 
ther from the object PR, as there is occaſion, by 
ſliding within another tube. Generally there are 
ſeveral ſizes of the lens A, fixt in little cells or but- 
tons, which ſcrew upon the end of the tube, as 
one has occaſion to uſe a greater or leſſer magni- 
fer, The objects are laid on thin pieces of glaſs 
or talk, to which they cleave, and theſe are fixed 
in fliders, to be uſed occaſionally. It is beſt to ſer 
the tube upright, and look down perpendicularly 
upon the object, thro? a ſmall aperture made at O. 
There is a concave or convex glaſs in moſt of theſe 
machines, to throw light upon the object PR. 
dince QF, QA, Qg, are in continued propor- 
tion, Q and q, are conjugate foci; (by Prop. XXI. 
B. II.) and pr is the image of PR. And maT 
z the focus of B; the rays flowing from pr, and 
retracted by B, will emerge parallel to the eye at 
B; where it will ſee the image pr diſtin, and in 
a contrary poſition to PR. Likewiſe ſince Ag, 
AB, AO are continual proportionals, A and O are 
conjugate foct ; and (by Prob. III.) therefore O is 
the place where all the pencils meet, and conſe- 
quently is the place of the eye, to ſee the moſt of 
the object. 
If D = the leaft diſtance the naked eye can 
ke diſtinctly, then the magnifying power is 


1b 
For in the ſingle microſcope B (Prob. XIX.), 
the image pr is magnified in the ratio of D to 4B. 
And by the lens A, the object PR is magnified 
(to pr), in the ratio of Af to AQ, (by Prop. 
XXXII. 


TE OE TICAL 
= XXXII. B. III.); therefore the whole magnifying 


bottOl 

power . AW ſee the Carpllarie Ass the 
AQ image 

Prob. II. oven 

To ſuit the microſcope to ſhort-ſighted people q A 

the glaſſes A and B muſt be placed a little near — 
together, that'the rays of each pencil may come A 
little diverging to the eye. the ſe 


The lens B muſt be greater than A, otherwif 
many of the rays paſling from the object through 
A, would mils B; therefore i it muſt be broad tore 
ceive them; and the axes of all the pencils vil 
meet at O. This conſtruction is nearly the ſame 
as in the aſtronomical teleſcope ; only the objef 
glaſs A is here leſs than the eye glaſs, which mul 
be greater in the teleſcope. 

In many of theſe ſorts of microſcopes, there an 
two eye glaſſes ; and the middle one 1s the largeſt; 
and is placed before the image pr, between 4 and 
A. By this means the microſcope receives mort 
light. And theſe two eye glaſſes bring the rays 


ſooner to a focus, and gives a larger view of the 
object. | 


Cor. 1. The magnifying | Power of a double mi 


eroſcope AB, ts 16 058 And is ſomething leſſer iss ar 
qBX 

a treble microſcope : which is ſhorter, where D is gl, 

diſtance to which the eye can ſee diſtincily. 


Cor. 2. The apparent brightneſs of an object Rt tl 


2 of 
is as 2 == . putting A for the N 75 the ob. * 
ject gloſs A. gh 


For the light falling upon A in the pl n 
PAR, is as the angle it ſubtends at Q that 1s, 4 8. 


z and that cone of light! is as 207 and that be b 
light 


A 
AQ 
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image; that is, reciprocally as the magnifying 
power. Therefore the brightneſs is as. the ſquare of 


A Box AQ that is, becauſe D is given, as 


er — * T 

A D x Ag 
1 . of A x Bg 
il A4 
0 Cor. 3. The viſual angle is as the breadth of the 
„4%. B72 
For if the eye glaſs be contracted, ſome of the 
8 extreme rays will miſs it, and fo the view is con- 
"þ trated, 

Cor. 4. It is found by experience, that a double mi- 
ae roſcope performs well when the aperture of A ig 
|; of an AF Ag = 7; aud Bg . And 
nol the magnifying power = 36. 

o 
a5. SCHOLIUM. 
the 


Altho' the aberration occaſioned by the figure of 
the glaſs is of no moment in teleſcopes, when com- 
WM bpared with the aberration arifing from the different 


8 are uſed for microſcopes, where the apertures 
re large, in reſpect to the focal diſtance ; the 

aberrations by the figure become ſenſible, and of- 

ten cauſe the image to be indiſtinct. For example, 
Net there be a ſingle microſcope, whole lens is {+ 
7 of an inch in breadth, and its focal diſtance near 
„ Then (by Cor. 6. Prop. XLI. B. III.) the 
Wierration by the figure, will be to the aberration 
y the colours; as 232 to 256, almoſt equal. So 
hat in ſmall lenſes, the indiſtinctneſs is cauſed by 
both ſorts of aberration, and therefore cannot well 


a de brought under any rule. 
oft | A ſmall 


ITY 


joht is tranſmitted to the image pr, and fo to the Fig. 
bottom of the eye; and its brightneſs there will be 125. 
z the denſity, or reciprocally as the area of the 


refrangibility of the rays; yet in ſuch ſmall lenſes . 


” 
= —— — 
— — —A — ũ wo Coos. — — * 


tz OPTICAL | 
Fig. A ſmall aſtronomical” teleſcope may be tuny 
125, into a microſcope, by drawing the eye glaſs ſony, 
thing further from the object glaſs; and lookiy 
thro” it the contrary way, at the object placed ney 
the end of it. | 


PR O B. XXI. 
To make à refietting microſcope. 


g26, Let FG be a reflecting metalline concave, wh 
focus is P, BC a refracting lens for the eye gli 
placed upon the ſame axis. O an object, plac 
near the focus O. Take PO, PV, PA continual 
proportional, and place the lens BC ſo, that 4 
may be its focus. Then take VA, VE, VI, con 
tinually proportional, and I is the place of the x, 
which thro? the eye glaſs BC, will ſee the object: 
A diſtin, inverted and magnified. W 

For O and A being conjugate foci, the objel 
at O will be repreſented at A inverted. Andi 
being the focus of BC, the rays flowing from | 
will emerge from BC parallel to the eye at I, an 

. cauſe diſtinct viſion. 

The eye glaſs E is incloſed in a tube KL, which 
flides within another KH, which is cloſe as fu 
as DH, but open in the ſpace DFGH, to let tit 
light in upon the object O. A ſtop muſt be i 
at A to cut off the ſtraggling rays. To illuminatt 
the object, it will be proper to throw the light 
upon it, with a concave reflector. 


Cor. 1. If D is the left diſtance that the qe in 
ſee HRT (as eight inches) , then the magnify" 


: AxD 
Power 15 VOx AE 


Fot i 
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For the object ie magnified at A, in the ratio Fig.“ 
A (by Prop. XVI. B. II.) and this image at A 46. 
$ again 3 by the lens BC, in the ratio = 
xy Cor. 2. Prob. XIX.) 

Cor. 2. The apparent brightneſs in ſeveral microſ- 


AAXAE' Where A is the aperture of 


mol VR. | 


For the light falling on FG, is as the ſection of 


he cone FOG, or as == and that light carried 


o the image at A, and thence to the eye, has the 
brightneſs diminiſhed in the ratio of the area of 
he image in the eye, or as the magnifying power. 
herefore the brightneſs is as the ſquare of 


A VOXAE Fe AXAE or of AXAE. 


oO VAX B55 VAxD VA 


Cor. 3. It is found by experience, that a microſcope 
anſwers very well, ihat has the following dimenſions 1 
SI's WW =Sn AEST ID =. 2Y,: 


$cnoLIUvM. 


A reflecting microſcope may alſo be made after 
the manner of. the Gregorian teleſcope, with two 
concave ſpeculums, the object being placed with- 
out the tube at a ſmall diſtance from the end of it. 
Or it may be made after the form of Mr. Caſſa- 
prain's teleſcope, with a concave and a ſmall convex 
fleftor ; and the object to be placed between the 
principal focus and center of the large concave, 
jand a little without. the ſmall reflector; and then 
eich of the reflectors muſt have a hole made thro? 
, to let the rays paſs from the object. 


PRO. 
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y TY | min 
To make a ſolar microſcope. | 7 

T. 5-00 oe & —— or | 
The uſe of this inſtrument is to magnify tra the 
parent objects which are very ſmall; and to fore 
poſe them to view by the help of the ſun's ima 
thrown upon them, and caſting their image on th 1 
oppoſite wall of the room. | plal 
£27, The conſtruction is this; CD is a microſcoil *) 
-.* glaſs, F its focus, its focal diſtance GF, wholi ire 
may be + of an inch or + an inch. The glaſs fee 

is xt in the tube EK, which ſlides within ano that 
tube HI about two inches diameter, and eight b 
ten inches long. O is a very ſmall object, placed lll the 

a ſlip of Muſcovy glaſs or talk, in a ſlider, vidi % 

$ thro' the tube HI, where a ſlit is made on ea that 

fie to receive it. By ſliding the tube EK conti 1 
ing the microſcope glaſs CD, within the other tubs pid 

mu 


Hl back and forward, the glaſs is ſet to any di 
tance from the object O, which is to be placed ſome 
thing beyond the focus F. The place of the cb 


1 „is adjuſted thus; let L the oppoſite 4 
Nl of the room; make OF, OG, OL W Gl 
roportionals; and O, L will be conjugate foci de 
y Prop. XXI. B. III. „ 
Io illuminate the object, a lens AB is fixt M kel 
the end of the tube Hl, to collect the ſun beams, 
and throw them upon the object at O, which muſt 
be placed between the glaſs AB and its focus; for 
if the object was in the focus of CD it would be 
burnt or diſperſed by two much heat. 
This inſtrument is only uſed in a dark room, Þ 
to which purpoſe the end of the tube HI goes thro of 
a ball and ſocket, which fits into a hole in the by 


window ſhut MN ; then the tube being directed 
towards the ſun; the lens AB will caſt the fun' 
rays 


7 . 
d * 
4 * 
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rays upon the object at O, by which it is ſtrongly Fig. 
illuminated. Then rays flowing from it as a lu- 127. 
minous body, will be retracted by the lens CD, 
and converge to L, where it will paint the image 
of that body. For O and L being conjugate foci, 
the image will appear diſtinct at L. And there- 
fore the tube EK muſt be ſlid in or out, till the 
image at L appears diſtinct. 
There is a contrivance of placing a looking- 
glaſs without the hole of the window ſhut, which 
may be ſet at any angle. And by turning ſome 
ſcrews or pins, it is ſet to ſuch an angle as to re- 
ect the ſun's rays horizontally thro* the tube; ſo 
that it need not be elevated to the ſun. | 
By the help of this inſtrument may be viewed 
the animalcula in pepper water, in vinegar, or any 
other liquor; and likewiſe any other ſmall animals 
that are tranſparent. | 
It is by the means of the ſun's light that the 
picture at L becomes viſible ; for ſeeing it is very 
much magnified ; the brightneſs would decreaſe 
in proportion to its magnitude, and it could not 
be ſeen at all with common light. 
Any object O is magnified in proportion of 
GL to GO, or the diſtance of the image from 
the lens CD, to the diſtance of the object from it. 
And therefore the ſmaller the lens CD is, or the 
leſſer FO is, the more the object will be magnified. 


P ROB. XXIII. 


To make a magic Lanthorn. 


_ ABPQR is a tin lanthorn a foot diameter; or 128, 
tt may be a ſquare box of wood; HI a round 
Hel ube four inches diameter, and eight inches long, 
Jed xt in the fide of it. CK another tube four inch- 
ns © long, ſliding within the firſt, and having a 
rays | Q convex 
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Fig. convex lens D of three inches focus, fixed in z 
128. O an object whoſe image is to be projected q 
the oppoſite wall of the room at L. F is th 
focus of D, and O is to be placed beyond P, 5 
that OF, OD, OL, be continual proportional, 
and then L will be the place of the image. This 
inſtrument is only uſed in a dark room; and 9 
illuminate the object, a candle or lamp is ſet at E 
and a concave reflector GN placed on the oppy 
ſite ſide; fo that its vertex may be in the ſam 
line with E, O, F, D; and that E and O may be 
conjugate foci, to the reflector. | 
The object at O is generally ſome ludicrous a 
frightful figure, on purpoſe to divert the ſpeCtaton, 
it is painted upon a piece of plain thin glass, n 
dilute and tranſparent colours; for if they wer 
opake they could not be repreſented at the focy 
L. They are beſt done with oil of ſpike, min 
with ſeveral ſorts of colours; they penetrate the 
glaſs and dry preſently. The pieces of glaſs the 
—_ are painted on, are put into ſliders, three 
of them in one ſlider; which are to be put in at: 
ſlit at O in the tube HI, when uſed, and in an in- 
verted poſition ; they muſt be placed in a line be- 
tween E and D. Small living animals may allo be 
.uſed ; and ſome of them make a moſt terrible ap- 
Pearance. | 
This machine carried into a dark room, and ſet 
on one fide, and the candle or lamp E being light 
ed, and the box made cloſe,” the candle partly by 
its direct light, but more by that reflected from 
the ſpeculum GN, will ſtrongly illuminate the ob- 
ject at O, which being tranſparent, the light vil 
paſs thro? it, and being refracted by the lens CD to 
the oppoſite wall, will give there the image ered, 
. becauſe the object was inverted. If the image i 


L is not diſtin&t; then to adjuſt it, draw the tube 


k CD a little in Or Out, till the image appears di 
5 ' tinct, 
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tinct, for it may be projected to any diſtance. As Fig. 
there is a deal of ſmoak produced within the lan- 128. 


thorn, there is a hole R at the top, to convey it 
away. : | 

ſtead of the concave reflector GN, one may 
place a deep convex lens AB, in the end of the 
tube HI, which will throw the light of the candle 
upon the object at O, and illuminate it. Likewiſe 
one may place two lenſes in the tube CK, which 
will make the rays converge ſooner ; and then there 
muſt be placed a ſtop between them with a hole to 
et the light thro', and cut off the ſuperfluous rays. 
The whole length of the machine may be about a 
foot and a half long; and the focus of the glaſs 
CD, fix or eight inches. This inſtrument and the 
ſolar microſcope are both upon the ſame theory. 


PROB. XXIV. 


To make a Camera Obſcura for taking the draught 
of a country, a town, or any building, c. 


Let ABCD be a wooden box, about a foot and 129: 


a half ſquare, open only on the ſide AD; and 
fob a ſmaller box about ſix inches ſquare, and open 
only on the under fide gh, This leſſer box is let 
into a hole in the top of the great box AB, and 
made cioſe and fixt there; epi is a plain reflector 
or looking-glaſs, fixt diagonally in the ſmall box, 
with the reflecting ſide downwards, making an an- 
gle of 45 degrees with the perpendicular fide, or 
face, eh. There is a tube K going thro' the ſide 
eh of the ſmall box, which flides in and out; in 
this tube is contained a convex lens about three 
inches diameter, and focal diſtance about two feet; 
this tube ſtands even with the middle of the reflec- 
tor ep. The focal diſtance of the lens ought to be 
equal to the height of the middle of the reflector 
18 2 2 above 


228 


129. 
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Fig. above the bottom CD of the great box, added tg 


the diſtance of the ſaid middle point from the lens 


On the top of the ſide AD, along AL there hangs 
a curtain; by the help of this, the box may be 


made entirely dark within. 


When this machine is to be uſed, it is carrie 
into the fields, to the top of a hill, or ſome high 
piece of ground, where the place, whoſe draught 
1s to be taken, may be ſeen to the beſt advantage, 
Then placing it upon a table, or upon a frame 
made on purpoſe ; ſet it level upon its baſe, and 


let it exactly face the objects that are to be drayn, 


Then the draught's man is to put his head and his 
hands into the open ſide AD, and draw the cur. 
tain cloſe about him, that no light get in; then 
laying a ſheet of paper upon the bottom CD, and 
faſtening it that it cannot move; ſee if the objech 
appear diſtin upon the paper; if they do not, 
move the tube a little inward or outward, till the 
objects do appear diſtinctly; and then it is time 
to draw the pictures of the objects within. Ther. 


fore having your head and hand in the box, and 


the curtain cloſe drawn, run over all the lines 0 
the ſeveral objects, as they appear on the paper, 
with a black lead pencil, or one of chark ; til 
you have gone thro* the whole. Then you may 
either keep the draught as it 1s, or run the lines 
over again with ink, and then it will ſtand in no 
danger of being rubbed out. Theſe inſtrumen 
generally take in about 45 degrees. 

This machine is on the ſame principle as that d 
darkening a room, and letting the light in thro'; 
lens in the window ſhut. For here the rays flow 
ing from any object, are refracted by the lens! 


the tube K, and would paint the image of that oo; 
ject, in its focus; but being reflected by the ip 
baſe DC, they wil 


culum ep, directly down to t 


there paint the image thereof, at the ſame 9 | 
ror 
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from the reflector, as it would have been beyond Fig. 
it, in their true ſituation, and proper colours. Here 129. 
the lens muſt not be too broad, for then the images 
will not be diſtinct; nor ſhould it be too narrow, 
for then they will appear dark. And of all things 
a clear ſunſniny day muſt be choſen for this work, 
ſo as to ſhine on that ſide of the objects that ap- 
to your view. 

Inſtead of having a tube with the lens in the ſide 
of the box; the tube may be fixt perpendicular 
under the reflector, and then the rays will be firſt 
reflected, and then refracted. This requires a 


greater height of the box; but all the effects will 
de the ſame. 


y Alſo inſtead of having the fide AD open, one 
0 may have it cloſe, and near the bottom make a 


hole to put the hand thro' with a pencil; and near 
eee top make another hole to look thro; and there 
1 the fide of the box ſhould be ſlanted off. The part 
here the hand goes thro', ſhould flide back and 
forward, that the hand may move to any part of 


the paper. 
— P ROB. XXV. 


To make a portable Camera Obſcura, to view diſtant 
Hecks. | 


ABCD is a ſquare box eight inches long, open 130. 
z top and on the fide AD. ALMD a ſquare hol- 
oy truſtum of a pyramid five inches long, fixed 
loſe to the ſide AD of the box. In the end of 
s pyramid LM, there ſlides a tube KI, in which 
fixt a broad convex lens, whoſe focus is near the 
nd BC. FG is a plain reflector or looking-glaſs 


- 2 ding diagonally thro* the box, and is ſet to an an- 
: . ge of 45 degrees. EB is a glaſs plane, having the 
B pper ſide unpoliſhed ; AH 1s a lid that opens up 


nen the machine is uſed; this lid has two wings, 


23 one 
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Fig. on each ſide, hanging perpendicularly, and they 


130, reſt upon the ſides of the box when the lid is up; ra 
and ſerve to ſhade the image, made in the rough fr: 
glaſs EB, from the light. | in 

When this inſtrument is uſed, the lid is opened, th 
and the ſide AD ſet towards the object. Then f 
the rays coming from thence, are retracted by the to 
lens in the tube KI, and would form the image ſli 
upon the ſide BC ; but being reflected upwards by in 
the looking-glaſs FG, they 1 the image upon ar 

the glaſs plane EB, with the right end uppermoſt til 
when one faces the objects; but the left fide is to 
the right, and the right to the left ; where it may 
be ſeen diſtinctly with the eyes. If the image does in 
not appear diſtin, draw the tube KI out or in, di 
gradually, till it does appear diſtinct. Then the 4 
image may be traced out on the glaſs with a black ſp 
lead pencil. This operation 1s beſt performed, f 
when there is a ſtrong ſunſhine upon the objects. 
| Or thus, 1 

131. ABCED is a cheſt in form of a long parallelo- in 
pided, nine inches broad, and two feet long; in in 
the end AC 1s a tube, with two convex glaſſes F, an 
G; this tube may be drawn out or put in, at plea- 
ſure. H is the focus of the lens F, and FH its fa 
focal diſtance; alſo HG is ſomething leſs than twice WI to 
the focal diſtance of the lens G. The lenſes F, G yo 
ought to be pretty broad, the diameter of F about WF ur 
+ 2 0f- i. + of a foot. IKLM is an olled pa- di 
per, or a plane glaſs, parallel to the end DE, and WM ti 
whole diſtance from the lens G is ſomething more | 
than twice its focal diſtance, and from the end DE, 
ſix or eight inches. N is a ſlit big enough to look 
thro* with both eyes. The whole cheſt is cloſe and b, 
dark within; no light entering, but what comes WW in 
thro the tube. To make the rays converge ſooner, WI u 
three lenſes may be uſed, be 


Then 
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Then the tube being directed to any objects, the Fig. 
rays of light proceeding from them, will be re- 131. 
fracted by the lens F to its focus H, where the 
images will be made, and from thence paſſing thro? 
the lens G, will be refracted again to their focus 
upon the paper IK LM, being the conjugate focus 
to H; and therefore a perſon looking in at the 
it N, will perceive them painted upon the paper 
in their true and natural poſition. If the images 
appear not diſtinct, draw the tube FG, in or out, 
till they are ſo. 


SCHOLIUM. | 


The pictures of external objects may be made | 
in a dark room, by holding a concave ſpeculum 
directly before a ſmall hole in the window ſhut, at 
a diſtance equal to the focal diſtance. For the | 
ſpeculum will paint the images upon the window | 
ft, or a paper held there, but inverted. | 

Or the pictures of objects may be made in a | 
dark room with a convex lens placed in the window 
ſhut, or in a ſky-optic ball which goes into a hole | 
in the window ſhut; but then the images will be | 
inverted. But receiving them upon a white apron, if 
and looking down at them, they appear erect. | 

But to have them direct, hold a plain reflector, | If 
lanting from the lower ſide of the hole, upwards, | 
to reflect the light upwards; and ſtanding with | 
your back to the window, you'll ſee the images g 
upon the cieling, or on a paper held at a proper | 
diſtance above the reflector, in their proper ſitua- | 
tion, This is like fig. 130, in this Problem. 


Or thus, ' | 

Place the reflector in a contrary poſition ; that = 
is, cloſe to the lens on the upper ſide, and flant- | 
| ing downwards; and it will project the images " 
upon a horizontal paper near the floor, in their 
proper ſituation z which may be ſeen, by ſtanding 


<4. wich 
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Fi 
131 the ſame effect, as fig. 129, in Prob. 24. 


Theſe two laſt methods are preferable in this 
that they repreſent objects in their natural ſituation, 


132-7, 


g. with the back towards the window, for this has 


OPTICAL 


But they have this diſadvantage, that they want 
light. Therefore one muſt have very good glaſſe, 
a dark room, and a ſtrong ſunſhine on the ob. 


jects. 
PN -AAVL 
To make a machine to magnify a perſpective draught, | 


Here ABCDE is a wooden box eight inches 
uare, open only at the bottom DI, L is a con. 
vex lens three or four inches diameter, and about 
two feet focal diſtance; this is placed in the fore. 
ſide of the box CD; alſo CIEF is a plane reflec. 
tor, ſet at an angle of 45 degrees, and with the 
reflecting ſide downwards; G, G, G, G, are the 
legs, the inſtrument ſtands on, whoſe height mul 
be ſuch, that the diſtance from the lens to the 
middle of the reflector, and thence to the baſe 
muſt be equal to the focal diſtance of the lens; 
P is the draught to be viewed, laid on the baſe. 

When you would view any draught or piece df 
perſpective, lay it flat on the baſe at P, with the 
upper end towards you, and looking into the boy, 
thro* the lens L, you will ſee it diſtinctly, and 
magnified. 

For the rays iſſuing from the draught at P, be. 
ing placed in the focus, and reflected to the lens, 
and then emerging parallel to the eyes, will repre- 
ſent the objects vaſtly diſtant, and conſequently as 
much magnified ; having the very ſame appear 
ance as the natural objects themſelves would have. 


Only the right hand is to the left, and the left to 
the right. 1 


For 
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with the back towards the window, for this he 
the ſame effect, as fig. 129, in Prob. 24. 

Theſe two laſt methods are preferable in thi 
that they repreſent objects in their natural ſituation 
But they have this diſadvantage, that they wan 
light. Therefore one muſt have very good glaſſes 
a dark room, and a ſtrong ſunſhine on the ob 


jects. 
p ROB. XXVI. 
To make a machine to magnify a perſpective draught, 


Here ABCDE is a wooden box eight inche 
ſquare, open only at the bottom DT, L is a con 
vex lens three or four inches diameter, and about 
two feet focal diſtance; this is placed in the fore 
ſide of the box CD; alſo CIEF is a plane reflec 
tor, ſet at an angle of 45 degrees, and with the 
reflecting ſide downwards; G, G, G, G, are the 
legs, the inſtrument ſtands on, whoſe height muſt 
be ſuch, that the diſtance from the lens to the 
middle of the reflector, and thence to the baſe, 
muſt be equal to the focal diſtance of the lens; 
P is the draught to be viewed, laid on the baſe. 

When you would view any draught or piece of 
perſpective, lay it flat on the baſe at P, with the 
upper end towards you, and looking into the box, 
thro* the lens L, you will fee it diſtinctly, and 
magnified. 

For the rays iſſuing from the draught at P, be- 
ing placed in the focus, and reflected to the lens, 
and then emerging parallel to the eyes, will repre- 
ſent the objects vaſtly diſtant, and conſequently as 
much magnified; having the very ſame appear- 
ance as the natural objects themſelves would have. 


Only the right hand is to the left, and the left to | 
the right. wes 


For 


Fig. 126. 
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For as the draught is turned upſide down, it Fig. 
will appear contrary in the machine; that is, it 132. 
will appear the right way up. If it was laid the 
right way up, the right fide would appear to the 
right 3 but as it is wrong way up, the right fide 
appears to the left. And therefore one cannot 
read any writing this way, unleſs one can read it 
backward. a | 

This machine is the ſame as that in fig. 129, 
taking away the box ABD. For as the external 
objects give the picture thereof on this baſe CD; 
ſo on the contrary the picture placed there, would 
ſend the rays back again to the ſeveral objects; but 
the eye takes them before they come there, and they 
paint their images upon the retinaz but upſide 
down, becauſe the face is turned the contrary 
Way. 

Bur inſtead of legs, one may have it all cloſe 133. 
below, the better to conceal it; as BH, which is 
a hollow box, cloſe below, but above having the 
ſame apparatus as the laſt; at the bottom a dozen | 
views are laid flat upon one another at P; which are | 
all ſhewn ſucceſſively, and then drawn back, by | 
the rulers O, into the part GK behind. EG a thin 
cloth to let the light thro*' ; which is, ſhut by the 
ſider BE, when the inſtrument is not uſed. There 
may be two or three lenſes L, on the fide CH, for 
different people to look thro? at once; which are 
ſhut up by ſliders when not uſed. 


| 
Otherwiſe thus. | 
ABE is a wooden bex open on the top, the ſide 134. | 
AC a foot long, or more, and almoſt as broad; ' 
Da concave reflector, 9, 10 or 12 inches broad, | 
fat perp. with its back leaning a little againſt the 
ide BCK ; its focal diſtance 12 inches, equal to the 

length AC. HG a ſlit in the end AE to look thro”. 
EH, FG two ſtops or bearers, faſtened to the op- 
polite 
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Fig. poſite fides of the box, againſt theſe the picture 0 
134. draught is to reſt. | Wo 
When a piece of perſpective is to be viewed 
you muſt ſlide it down upon the 2 EH, FG, 
as low as the ſlit, and with the right end upwards, 
and facing the reflector; and then looking in x 
the ſlit HG, it will appear magnified and ereq, 
but the right hand will be to the left, and the left 
to the right. EE 
For ſince the print leans with the upper end to-. 
wards the reflector, and the reflector leans a little 
back, the rays iſſuing from the picture will not be 
reflected back upon the picture, but will paſs be. 
low, thro' the flit HG, to the eye; and the pic. 
ture being in the focus of the reflector, the rays 
are reflected parallel upon the eye, and therefore 
it will ſee the picture diſtinctly, and very much 


magnified. 
| Or thus. 


But the beſt way of all is, to place the view up 
on a table, to ſtand perpendicular againſt a wal, 
or hang it on a pin; and then to place a lens at 
its focal diſtance from it; then looking thro! the 
lens, you will ſee the proſpect in its natural poſ- 
tion every way; and magnified ſo as to appear like 
the natural place itſelf; eſpecially if the view be 
painted in its proper colours, as it ought to be. 

To have the proſpect to the beſt advantage, the 
lens ſhould not be leſs than four inches diameter; 
and two feet, or two feet and two or three inches 
focal diſtance. And in order to confine the view 
to your proſpect, the lens ſhould be ſet upright in 
the middle of a little box or tube ſix or eight inches 
long; at the end of which, a ſlit muſt be made an 
inch wide, to look thro* with both eyes, toward 
the object; and therefore this box muſt be placed 
horizontally to face it. The picture ſhould be 6 


large, as to ſubtend an angle of 25 or 30 degree 
| a 
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o WM ;; the focal diſtance of the glaſs. But when your Fig · 
bdiaure is given, you muſt ſuit it with a glaſs, ſo 

ech chat the focal diſtance of it, may be about twice 


G, de breadth of the picture. A glaſs ſhould never 
Is; WM be of ſo ſmall a focal diſtance, that the ſcratches 
and deformities of the picture may appear. For 
t too ſhort a diſtance the glaſs will magnify theſe 


errors and make them viſible, and ſpoil the proſ- 
peſt. The way to judge of a proper glaſs for any 
picture, is this; obſerve at what diſtance the pic- 
ture makes the beſt and fineſt appearance to the 
naked eye; and that ought to be the focal diſtance 
of the glaſs. So that altho' a picture placed in the 
focus of any lens, will be magnified and ſeem at a 
vaſt diſtance; yet to prevent any blemiſhes or ir- 
regularities in the drawing to appear, the lens 
ought to be choſen by the former rule. A ſhort 
glaſs will not take 1n all the view; and a long glaſs 
makes the picture have but a ſmall appearance z 
and the eye cannot diſtinguiſh the minute parts. 
[ſhall further obſerve, that to have any perſpective | 
view appear exactly ſimilar to the place it was ! 
drawn for; the lens ought to be placed in the | 
point of view in the air, of that picture or perſ- 
pective draught ; and conſequently the focal diſ- 
tance of the lens muſt be equal to the principal 
ray (or line of diſtance); and when this is ſo, if 
it be viewed thro” that glaſs, it will give the true j 
appearance of that place in all reſpects, in regard | 
to the magnitude, and ſituation of the ſeveral parts. l 
And therefore all theſe perſpective draughts ought | 
to be ſo drawn, that. the point of view be at the 0 
due diſtance, that is, equal to the focal diſtance of » | 
the glaſs proper to be uſed. The longer the focal | 
diſtance of the glaſs is, the longer and more ex- | 
tended, the place appears to be, whoſe perſpective 
you view. And the ſhorter the glaſs, the ſhorter 
and more contracted is the apparent view. old | 
Cle | 
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Fig. theſe diſtort the view, the longer glaſs by making 
it too long; and the ſhorter by making it to 
ſhort, but they do not affect the breadth. Ay; 
nothing but a glaſs of a juſt length will make f 
appear in its juſt proportion. If a 
draught be well taken, and then viewe 
to theſe rules, you'll have the exact appearance q 

the place, juſt the ſame as if you was looking a fe 


it with your naked eyes. 


2 © 


It may be thought, that inſtead of a lens, ty 
ſmall glaſſes of the ſame focal diſtance, for the 
two eyes, may do as well. But theſe will not ar 
fwer the ſame end, as one large glaſs ; becauſe the 
axes of the two pencils of rays, that fall on theſe 
two glaſſes, interſect at the picture, and no further 
off, and there make an angle; and fo enter the eye; 
whereas they ought to be parallel. And this makes 
the picture not appear far enough off, and quite 


ſpoils the view. 


. oſpectixe 


Many other optical inſtruments might be inſert 
ed, but theſe that have been here explained, arc 
the principal; and from theſe, all others of a like 
nature are eaſily underſtood, and their effects de 


. IV 


according 


olov 


laſs 


monſtrated by a like way of reaſoning. - "oY 


\ Likewiſe by the known properties of light, the 
phænomena of all forts of meteors may be ex 

ined, and the reaſon of their colours ſhewn; 
ſuch as the Rainbow, Corona's, Halo's, Parhelia's, 
Paraſelene's, &c. But I ſhall here only explain 
the colours and appearances of the rainbow, be- 
that it comes; 


cauſe it is a phznomenon ſo common 
under every body's obſervation. 


PR OBE" 
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o explain the magnitude, poſition, and colours of the 
Rainbow. 


The rainbow never appears but when it rains in 
eſun-ſhine;z and is cauſed by the refraction and 
flection of the ſun's light paſſing thro* the drops 
f falling rain. And it may be made artificially, 
y ſpouting up water, and cauſing it to fall down 
drops, in the ſun's rays; in theſe drops the 
olours will appear to a ſpectator ſtanding in a due 
ofition. And the like may be ſhewn in globes of 
laſs filled with water, and placed in the ſun in a 
oper poſition. 


e a drop of rain of a ſpherical figure, C its cen- 
tr, and let AN be one of the ſun's rays incident 
pon it at N, and then refracted to F, where let it 
ther go out of the drop by refraction to V, or 
e reflected to G; and at G let it either go out 
refraction to R, or be reflected to H; and at 
H let it either go out by refraction to 8, or be re- 

lected to I, &c. On the incident ray AX, and 
e refrafted one NF, let fall the perpendiculars 
D, CE. Draw the diameter BQ parallel to the 
"Wncident ray AN. And let n, » be the fines of 
ncidence and refraction out of air into water. 
Draw NC, CF. | 

Now in the progreſs of the ray AN, thro' the 
points N, F, G, H, &c. it is continually change- 
Ing its direction, the ſame way about the circle, 
tl at laſt it emerges out of the drop, making 
tie angle of refraction, equal to that at its inci- 
lence; for all the lines NF, FG, GH &c. are e- 


merges, produce NF to W, FG to T, GH gd YL, 
C3 


Fig. 


To underſtand how the bow 1s made; let BNFG 135. 


lual, Then to find the direction in which it at laſt 


Fig. &c; and then we muſt find the ſum of the angla colo 
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135. XNW, WFT, TGY &c. and YHS, which make be a 


the whole change of direction, or the revolution d de 
the ray in jts progreſs. Draw CZ perp. to FG, 
Then in the quadrilateral CEF Z, the angles at E 
and Z are right, therefore the angle ECZ + EZ, 
= two right angles = EFZ + ZF W, therefor: 
ECZ = ZFW, or ZFW = NCF = 2NCE. pu 
S number of reflections, F, G, H, &c. Then 
ſince all the external angles at E, G, H are equal 
the ſum of them all is = # x ZFW = 2 x NCE, 
to which add XNF + YHS or 2XNF, and the 
ſum is 24 x NCE + 2XNF, for the whole change 
of direction of the ray. But XNF = XNC 
ENC, and NCE = R — CNE (putting R =; 
right angle), therefore the whole change of direc. 
tion is = 2ER — 2t + 2 x CNE + 2CNNX, cr 
twice the quantity ZR — z; + 1 x CNE + CM. 
And this being known, it 1s eaſy to find the angle 
the emerging ray makes with the incident ray AN 
or BQ. This 1s true of any ray whatſoever, but 
to our purpoſe there is but one poſition of the in- 
cident ray AN, which will bring the colours, and 
this is next to be found. 

Let AN be an incident ray of any colour, and 
let it emerge at NH, deſcribing the tract ANFGHS. 
Now that the rays of any colour emerging at H, 
may affect the ſenſe ſtrongly, they ought to emerge 

arallel, for if they emerge and fall upon the. eye, 
in different directions, they mix with other rays of a 
different colour, and cannot appear ſenſible. And 
there will be ſo few rays of that colour in any one 
direction, that they cannot excite any ſenſation. And 
ſince to excite a ſtrong ſenſation, the rays of any 
one colour ought to emerge parallel, and as they 
are alſo parallel at their incidence ; therefore we 
mult find what poſition, or what angle of incidence, 
the ray AN mult have, that all the rays of as 
, colour, 
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colour, emerging at a ſmall diſtance from H, may Fig. 
he all parallel to HS. Now this can only be when 135. 


che ſum of all the angles 2R — 2? + 2 x CNE + 
NX is a maximum or minimum. For by the 
ature of a maximum or minimum, ſuch a quan- 
tity remains the ſame for a ſmall variation of the 
arch BN. Now we may obſerve, that when the 
arch BN is very ſmall, the arch FO is very ſmall; 
and as BN grows greater, QF grows greater, and 
BE leſſer; and when BN approaches a quadrant, 
U grows leſs again, and BF bigger. So that BF 

decreaſes to a certain limit, and then increaſes 
ain, and at that limit it is at its minimum. But 
the quantity 2FR — 2t + 2 x CNE + 2CNX de- 
pends much upon the ſituation of F, and there- 
fore will be at its minimum when the rays at H 
emerge parallel. Now ſince 2 R is given, 21R — 


2 +2 Xx CNE + 2CNX, will be at is minimum 
when 271 + 2 x CNE — 2CNX is a maximum, or 
when ; + 1 x CNE — CNX is a maximum. But 
(by Prob. 83. Sect. VII. Algebra) ; + 1 x CNE— 
WM is a maximum, when f + 1 X increment of 
(NE = increment of CNX. | 
Let y =CD or NM the ſine of incidence; CN =1; 
n, n the ſines of incidence and refraction, and take 


Ns a very ſmall increment or decrement of BN, 
and drawing #0 parallel to AN, No will be the in- 


cement or decrement of MN ; then 2 7 = CE 


te fine of refraction, and its increment No. 
n 0 


And by the nature of the circle, coſine (i-) 
. No 
radius (1) :: No: Nu = 


—, the increment 
3 


af BN or SCN. Alſo coſine (71 —) ra- 


MM 
dius 


* PEERS 2 
Fig. dius (1) : : . of the fine of refrag 
135. (* No) s #u X 0. - the increment * Fr 


a th PT 
arch or angle of refraction CNE. Therefore 
3 N x No No | 


my 1 — yy Vs 
mm 
then 3 — * , and pn 12 
Vnn— 1 Vn RV iy 
= mm — my; and ſquaring, ppnn — ppnmyy = 
mm — uny; and reducing, 2pnnyy—nnyy pp 


mm; and y = V . And „ being known, 
2p I. un 


the angles CND and CNE are known, and conſe- 
quently the quantity of the angle of deviation of 
the ray, 2 KR- x CNE + 2CNX. And the an- 
gle in which HS cuts the incident ray AN or 30. 
will be known; for if the deviation be 180 de- 
grees, the incident and emergent rays will coincide, 
and the emergent ray will return back to the ſun. 
Since y depends upon the quantities of m and n, 
it is evident that the rays of different colours, ha- 
ving a different degree of refrangibility, will have 
different limits of BN, and will emerge parallel in 
different points H, and will cut BQ at different an- 
gles. And theſe ſeveral ſorts of rays being ſepara- 
ted from one another, will appear each in their 
proper colours. 
For the firſt rainbow; if light paſſes out of air 
into water, m anden (by Schol. Prop. II. B. III.) 
will be 108 and 81 for the leaſt refrangible rays, 
or the red; and 109 and 81 for the moſt refran- 
gible rays, or the violet. And therefore in this 
bow, where m = 108, p =2, y comes out = 
86036 = S. 59 22 = CNX, and CNE = 40 11- 
And 2R—4 CNE ＋ 2CNX = 137 58, and this 
er 


g 4 
| 
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or its ſupplement 42 2 is the angle the emergent Fig. 
ray makes with the incident ray for the red. And 155. 
in like manner when # = 109, the angle which 
the emergent ray makes with the incident ray, will 
be found 40 17, for the violet. - 

Again in the ſecond bow where p = 3, M = 108, 
we ſhall find y = 95015 =S. 71 50 = CNX, and 
CNE = 45 27; and 4R — CNE + 2CNX = 
230 57 which exceeds 180 by 50 57, the angle 
made with the incident ray, for the red. And 
when n = 109, the angle the violet emergent 
ray makes with the incident ray will be 54 7. 

Now ſuppoſe O to be the eye of the ſpectator, x 35. 
and OP a line drawn thro' the ſun and the eye. 
And let the angles POE = 40 17, POF = 42 2, 
POG = 50 57, and POH = 54 7. And let theſe 
angles be turned about their common fide OP; 
then ſhall the other ſides OE, OF, OG, OH, deſ- 
cribe the extreme arches of two rainbows AFBE, 
and CHDG. For if E, F, G, H be drops of 
water placed any where in the conical ſurfaces deſ- 
cibed by OE, OF, OG, OH, and be illuminated 
by the ſun's rays SE, SF, SG, SH; the angle | 
SEO or POE of 40 17 will be the greateſt angle, 
in which the violet rays will after one reflexion be 
refracted to the eye; and therefore all the drops in 
the line OE, ſhall fend the moſt refrangible rays 
moſt copiouſly to the eye, and thereby ſtrike the 
ſenſes with the deepeſt violet colour. And in like 
manner the angle SFO or POF of 42 2, will be 
the greateſt angle under which the red rays can 
emerge out of the drops, and therefore will come 
moſt copiouſly to the eye and ſtrike the ſenſes with 
that colour. And the rays that have intermediate 
degrees of refrangibility, ſhall come moſt copiouſly 
from drops between E and F, and ftrike the ſenſes 
vith the intermediate colours; that is, from the 
inſide to the outſide of the bow, the colours will 

R appear 


{ 
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242 | | So 
Fig. appear in the order violet, indigo, blue, green, 


OPTICAL 


135. yellow, orange, red. 


OE, OF, OG, OH, may be ſituated any where in 


136 


Again in the ſecond bow, the angle SGO or 
POG of 50 57 ſhall be the leaſt angle under which 
the red rays, after two reflexions can emerge out of 
the drops, and come moſt copiouſly in the line 
OG, and ſtrike the ſenſe with that colour. Ang 
the angle SHO or POH of 54 7 ſhall be the leaf 
angle in which the violet rays after two reflexi 
can emerge out of the drops, and therefore they 
will come moſt copiouſly to the eye; and ſtrike the 
ſenſe with that colour. And by the ſame argu- 
ment the drops between G and H, ſhall ſtrike the 
ſenſe with the intermediate colours ; therefore from 


the inſide to the outſide of the bow, the colours will 


appear in this order, red, orange, yellow, green, 
blue, indigo, violet. And ſince theſe four lines 


the conical ſuperficies, what is ſaid of the drops 
and colours in theſe lines, is to be underſtood of 
the drops and colours every where in thoſe ſurfaces, 
But the ſecond bow, by reaſon of the light loſt 
by two reflexions does not always appear, and is 
always fainter than the firſt. ; 
Theſe would be the angles if the fun was but 
a point, but from his apparent diameter, the 
breadth of the bows will be increaſed half a de- 
gree, whence the breadth of the inner bow will be 
2 15, and of the outer one 3 40; and their dif 
tance 8 25; the radii of the inner bow 40 2 and 
42 17, of the outer one 30 42 and 54 22; and 
this appears to be ſo by obſervation, when theit 
colours are ſtrong and lively. ; 
It may be obſerved, that all the rays but the vio- 


let in the line SE, will emerge from E in a greater 


angle than SEO made by the violet, and will there- 
fore all paſs below the eye: and all the rays but the 
red, in the line SF, will emerge from F in a leſſer an- 
gle than SFO made by the red, and will therefore 
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obſerve that its radius is equal to the height of the 
dor and the height of the ſun together; and there- 
ſore is eaſily meaſured with a quadrant. And if the 
ſun's altitude be greater than 42 17, the inner bow 
cannot be ſeen; nor the exterior one, if his altitude 


exceed 54 22. 


98366 reſpectively, and CNX = 76 go and 79 38. 
Whence 2/R + 2CNX — 2pxCNE = 318 20, and 
400 31 reſpectively, putting m and # as 4 to 3 for 
the red rays. And therefore in the 3d rainbow, the 
emerging ray cuts the incident ray at an angle of 41 
40; and in the 4th, at an angle of 40 31, both mov- 
ing from the ſun. And therefore looking towards 
the ſun, the red rays in theſe rainbows would appear 
at the diſtance from him of 41 40 and 40 31 reſpec- 
tively, and nearly coinciding. And in the 3d the 
violet would be towards the ſun ; but in the fourth 
the violet is from the ſun, But their light is weak- 
enced ſo by reflexions, that they never appear. 

Cor. 1. The angle of revolution 21R + 2CNX — 
CNE will come to its limit when ND is to NC: : 


Om un to Wpp—1xm. And ND is to NE 


:, m % pn. 


For ND*=1 —y = 3 _ — 2. 


pp—1.m ppl. un 


And NE* = 1— 2 5 = 122 —2 
Nun 


nnn 


7.1. mm 
_ Therefore ND: NC:: = 


In the third and fourth rainbows y is .97373 and 135. 


M=1.mm | 25— l. un ' 


:: Vm m: p- I. n. Alſo ND: NE: : 
PF .. 
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Cor. 


544 

aß above the eye; by which means, only red will ap- Fig. 

2 1 the line OF, and only violet in the line OE I 38. 
They that have a mind to meaſure the bow, may 
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Fig. 
135. direction) of the emerging ray differs not much fr, 


and fo it will be furtheſt from the center of the 


OPTICAL K. 
Cor. 2. When the angle of revolution (or cham | 


a ſemicircle or any odd number of ſemicircles; one my 

look for. the bow towards the ſun's oppoſition. Ry 
evben it differs not much from a circle or any nun 
of circles, one muſt look towards the ſun for the by 
T bus the firſt rer bows are ſeen oppoſite to th 
ſun, and the third and fourth towards it. 

For if the revolution be a ſemicircle, or 3, 6, 
&c. ſemicircles, the direction of the ray is toward 
he ſun ; and therefore, that it may enter the ey, 
one muſt look the contrary way. But if the rey 
lution be 1, 2, 3 &c. whole circles, the ray mont 
directly from the ſun, and therefore to receive 
into the eye, one muſt look towards the ſun; fo 
the face mult be ſet againſt the motion of the ray, 


Cor. 3. If the angle of revolution falls Sort of | 
ſemicircle or any number of ſemicircles, the violet a 
lour will be on the inſide the bow. But if it exceu 
z#hem, the violet will be on the outfide. Thus in the 
firſt and third bows, the violet is within; and in th 
ſecond and fourth, without. 

For the violet rays by a greater refraction, make 
a greater revolution than the red; and therefore 
when the revolution angle falls ſhort, the violet ra 
will come nearer a ſemicircle, and make a leſs an 
gle with the incident ray; and therefore will be 
neareſt the center of the bow. But the contrary 
will happen when the revolution is greater 
a ſemicircle, for then the violet recedes farther off 
and makes a greater angle with the incident ray 


bow. Thus in the firſt bow the violet is within, 1 
the ſecond without, in the third within, and in the 
fourth without. But after 3 or 4 reflexions the 
light is ſo weak as not to affect the ſenſes; and © 
the third and fourth bows, and thoſe that follow, 
never appear; and therefore 1 mall ſay no [6 
about them. | IB OY. 
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ERRATA in the OPTICS. © 


line read 


173] 15 feos "the lens B, 
220| 25 | microſcope, which is ſhorter, Where 
2241 29 focus of AB. 


ERRATA in the PERSPECTIVE. 
In the Plates. 


19 For # put J. 
57 | The pricked lines 41, 55 and fome others wanting. 
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